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ABSTRACT 


The  Advanced  (formerly  Swindell)  Model  3610  Mixed  Gas 
Diving  System  manufactured  and  distributed  by  the  Diver's  Exchange, 
Inc.  of  Harvey,  LA  was  subjected  to  evaluation  testing  at  the 
Navy  Experimental  Diving  Unit.  The  Model  3610  System  consists 
primarily  of  a  Model  3000  Mixed  Gas  Helmet  used  with  a  neckseal 
and  a  Model  3700  Back  Pack  Scrubber.  The  system  was  tested  for 
sound  levels  and  ventilation  efficiency  using  specially  built  test 
manikins.  It  was  tested  for  diver  comfort  in  a  series  of  20 
manned  dives.  Since  many  of  the  testing  methods  used  were  new, 
a  discussion  of  the  procedures  used  as  well  as  the  results  obtained 
is  presented.  The  sound  levels  existing  in  the  helmet  were  found 
to  be  into  the  damage  risk  levels  under  many  of  the  conditions  tested, 
but  not  so  far  as  to  preclude  user  of  the  system  provided  that 
appropriate  precautions  are  taken.  The  ventilation  efficiency  of 
the  system  was  found  to  be  generally  adequate  for  diving  in  the 
depth  range  of  0  to  300  fsw  provided  the  gas  supply  pressure  is 
maintained  at  sufficient  levels.  The  system  was  regarded  by  the 
divers  as  generally  more  comfortable  than  the  standard  USN  He-C>2 
diving  outfit.  Nonetheless  diver  complaints  of  helmet  and  jock 
strap  discomfort  became  common  at  work  rates  approximating  moderate 
work. 
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1.  SUPPLEMENTARY  NOTES 

12  SPONSORING  MILITARY  ACTIVITY 

NAVY  EXPERIMENTAL  DIVING  UNIT 

WASHINGTON  NAVY  YARD 

WASHINGTON,  D.C.  20390 

IThe  Advanced  (formerly  Swindell)  Model  3610  Mixed  Gas  Diving 
System  manufactured  and  distributed  by  the  Diver's  Exahange,  Inc.  of 
Harvy,  LA  was  subjected  to  evaluation  testing  at  the  Navy  Experimental 
Diving  Unit.  The  Model  3610  System  consists  primarily  of  a  Model  3000 
Mixed  Gas  Helmet  used  with  a  neckseal  and  a  Model  3700  Back  Pack  Scrub¬ 
ber.  The  system  was  tested  for  sound  levels  and  ventilation  efficiency 
•using  specially  built  test  manikins.  It  was  tested  for  diver  comfort 
in  a  series  of  20  manned  dives.  Since  many  of  the  testing  methods  used 
were  new,  a  discussion  of  the  procedures  used  as  well  as  the  results 
obtained  is  presented.  The  sound  levels  existing  in  the  helmet  were 
found  to  be  into  the  damage  risk  levels  under  many  of  the  conditions 
tested,  but  not  so  far  as  to  preclude  use  of  the  system  provided  that 
appropriate  precautions  are  taken.  The  ventilation  efficiency  of  the 
system  was  found  to  be  generally  adequate  for  diving  in  the  depth  range 
of  0  to  300  fsw  provided  the  gas  supply  pressure  is  maintained  at  suf¬ 
ficient  levels.  The  system  was  regarded  by  the  divers  as  generally 
more  comfortable  than  the  standard  USN  He-C>2  diving  outfit.  Nonetheless 
diver  complaints  of  helmet  and  jock  strap  discomfort  became  common  at 
work  rates  approximating  moderate  work. 
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I.  INTRODUCTION 


In  1970,  the  Navy  Experimental  Diving  Unit  began  a  program 
to  develop  a  combination  air  and  helium-oxygen  diving  helmet 
that  would  be  an  improvement  over  the  traditional  MK  V  air  and 
helium-oxygen  helmets.  Part  of  this  program  was  a  series  of 
evaluations  of  commercially  available  helmets. 

This  report  details  the  tests  performed  using  the  Advanced 
(formerly  Swindell)  Model  3610  Mixed  Gas  Diving  System.  The 
Model  3610  system  includes  the  Advanced  Model  3000  Mixed  Gas 
Helmet  with  neckseal  and  the  Advanced  Model  3700  Mixed  Gas  Back 
Pack  Scrubber. 

Since  many  of  the  evaluation  techniques  used  were  new,  a 
discussion  of  the  techniques  used  is  also  included. 

Appreciation  is  expressed  to  the  Naval  Medical  Research 
Institute  for  their  cooperation  in  the  conduct  of  this  evaluation. 
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II.  EQUIPMENT  TESTED 

The  "Advanced"  He-C>2  Diving  Helmet  was  initially  developed 
and  manufactured  by  Mr.  George  Swindell.  He  sold  it  as  a  central 
part  of  a  general  line  of  He-Oj  diving  equipment  under  the  company 
name  of  Advanced  Diving  Equipment  &  Manufacturing,  Inc.  Today  the 
helmet  is  commonly  referred  to  by  both  the  names  "Swindell"  and 
"Advanced".  "Advanced"  is  the  name  used  in  this  report. 

Mr.  Swindell  sold  his  helmet  business  in  1971  to  Beckman 
Instruments,  Inc.  Beckman  in  turn  sold  it  in  early  1973  to  Diver's 
Exchange,  Inc.  (DIVEX)  of  2245  Breaux  Ave.,  Harvey,  LA.  70028. 

DIVEX  is  the  company  that  manufactures  and  markets  the  "Advanced" 
helmet  line  at  this  time. 

Figure  1  shows  an  exploded  view  of  the  Model  3000  Mixed  Gas 
Helmet,  neckseal  and  jock  strap.  >  Figure  2  shows  an  exploded  view 
of  the  Model  3700  Back  Pack  Scrubber.  Figure  3  shows  the  assembled 
helmet,  back  pack  scrubber,  and  emergency  gas  bottles  sometimes 
used  with  the  system.  Figure  4  shows  rear  and  right  side  views 
of  the  helmet,  neckseal  and  back  pack  as  they  would  typically  be 
worn  by  a  diver.  Figure  5  shows  a  front  view  of  the  helmet  only 
on  a  diver. 

The  helmet  is  constructed  primarily  of  a  moulded  fiberglass 
shell  with  nickel  and  chrome  plated  brass  fittings.  The  air 
control  and  exhaust  assemblies  are  attached  to  the  brass  base 
piece  and  not  to  the  fiberglass  shell.  The  viewports  are  made 
of  fracture-resistant  polycarbonate.  The  exhaust  valve  assembly 
is  very  similar  in  construction  and  performance  to  that  in  the 
U.S.  Navy  Mark  V  Air  Helmet.  Muffling  of  the  noise  of  the  in¬ 
coming  air  is  effected  by  the  use  of  a  sintered  metal  silencer. 
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The  air  control  valve  requires  approximately  4  turns  to  go  from 
the  fully  closed  position  to  the  fully  open  position.  The  exhaust 
valve  requires  approximately  3  turns.  All  Working  seals  are 
effected  fay  the  use  of  "0"  rings. 

The  exhaust  port  from  the  helmet  to  the  cannister  suction 
hose  is  simply  an  open  hole  located  in  the  side  of  the  helmet 
above  and  slightly  to  the  rear  of  the  helmet  exhaust  valve  (See 
Figure  3) .  The  exhaust  port  employs  a  standard  SCUBA  1-way  valve 
to  prevent  water  entry  in  the  event  the  suction  hose  is  cut.  The 
inlet  port  into  the  helmet  from  the  back  pack  return  hose  is 
another  open  hole  located  above  the  helmet  gas  control  valve 
(See  Figure  4) .  It  has  a  standard  SCUBA  1-way  valve  to  prevent 
opening  a  second  helmet  exhaust  goint  in  the  event  the  return 
hose  is  cut.  It  also  has  a  shroud  (Figure  1,  item  3729)  to  direct 
the  returning  gas  forward  toward  the  faceplate. 

Both  back  pack  hose  connections  can  be  capped  in  the  event 
the  helmet  is  to  be  used  in  an  open  circuit  mode.  When  used  in 
this  manner  the  helmet  functions  in  a  manner  identical  to  that 
of  the  Advanced  Model  2000  Air  Helmet  except  that  the  entering 
air  is  directed  down  from  the  top  of  the  faceplate  instead  of 
across  from  the  right  side.  See  Reference  1. 

Back  pack  scrubber  construction  is  primarily  welded  stainless 
steel.  The  driving  agent  in  the  back  pack  is  a  venturi  type 
aspirator  jet  similar  to  that  in  the  USN  Mark  V  He-C^  Diving 
Helmet.  The  canister  takes  a  9  lb.  Baralyme  charge  and 
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St»ifS  1000 


Flow  Diagram 


3767 


Figure  2  Exploded  View,  Advanced,  Model  3700,  Mixed  Gas  Back  Pack  Scrubber 


hi  iel  3000 
Mixed  Gas  Helmet 


Model  3700 


Model  5000 


Back  Pack  Scrubber 


Emergency  Breathing  System 
20  scf  capacity  at  2200  psig 


Figure  3 

Advanced  Model  3000  Mixed  Gas  Helmet, 
Model  3700  Back  Pack  Scrubber  and 
Model  5000  Emergency  Breathing  System 


Advanced  Model  3000  Mixed  Gar.  Helmet 
Note  neckseal  and  jocking  arrangement, 
Microphone  and  microphone  cable  (left)  shown 
are  not  standard  Advanced  equipment. 


Figure  5 


is  rated  by  the  manufacturer  for  7  hours  (assuming  warm  water) . 
Silencing  of  the  noise  of  the  aspirator  jet  is  accomplished  by 
inserting  a  stainless  steel  scrub-boy  in  the  flow  loop  just 
downstream  of  the  venturi  (Figure  2,  item  3771).  The  aspirator 
jet  functions  at  all  times  gas  is  supplied  to  the  system.  There 
is  no  way  to  shut  it  off. 

The  actual  equipment  tested  was  an  Advanced  Model  3000 
Mixed  Gas  Helmet,  Serial  Number  412  and  an  Advanced  Model  3700 
Back  Pack  Scrubber,  no  serial  number.  The  helmet  was  used 
primarily  with  standard  Advanced  neckseals.  Limited  tests  were 
performed  with  it  used  with  a  modified  Dunlop  Dry  Suit. 

The  open  circuit  characteristics  of  the  Model  3000  Helmet 
were  also  not  tested.  Other  than  for  a  different  location  for 
the  air  inlet  point  (above  the  faceplate  directed  down  versus 
to  the  right  of  the  faceplate  directed  left)  the  parts  of  the 
helmet  that  would  affect  its  open  circuit  performance  were 
identical  to  an  Advanced  2000  Open  Circuit  Air  Helmet  tested 
previously  (Reference  1) .  Consequently  open  circuit  testing  of 
the  Model  3000  helmet  was  not  considered  necessary. 


III.  SCOPE  OF  EVALUATION 


This  evaluation  was  aimed  primarily  at  determining  the 
ventilation  efficiency,  noise  levels,  and  diver  comfort  of  the 
Advanced  Model  3610  Mixed  Gas  (Diving)  System  when  used  with  a 
neck  seal.  Limited  ventilation  tests  (Sections  IV.  C.  1  and 
V.  C.  1  herein)  were  performed  using  the  Model  3610  system  with 
a  modified  Dunlop  Dry  Suit. 

A  limited  evaluation  of  the  manufacturer-supplied  communi¬ 
cation  system  (microphone  and  2  helmet  speakers)  was  obtained  as 
a  natural  by-product  of  the  Subjective  Test  Dives  (Sections  IV. 

C.  2  and  V.  C.  2  herein) .  This  however  was  not  a  major  goal  of 
those  dives. 

Specifically  not  attempted  were,  a)  a  detailed  evaluation  of 
the  helmet  communication  system,  b)  an  evaluation  of  the  structural 
strength  of  the  system,  part  interchangeability  and  the  ability 
of  the  system  to  withstand  normal  operational  abuse  (getting 
dropped  on  the  deck,  tunneling,  jetting,  etc.),  c)  use  of  the 
helmet  system  with  a  breastplate  and  deep  sea  dress  (constant 
volume  suit)  or  d)  a  determination  of  the  expected  life  of  the 
CC>2  absorbant  canister.  The  testing  required  to  accurately 
determine  the  expected  canister  life  amounted  to  more  effort 
than  was  considered  warranted  for  the  information  to  be  obtained. 
The  helmet  is  normally  used  with  a  neckseal ,  and  the  ventilation 
tests  identified  above  (first  paragraph)  were  considered  to 
represent  sufficient  testing  with  constant  volume  suits. 
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IV. 


TEST  PROCEDURES 


A.  Sound  Level  Tests 

1.  Apparatus 

A  test  manikin-  consisting  of  a  soft  rubger  head  and 
a  fiberglass  torso  was  modified  to  accommodate  a  Bruel  and  Kjaer 
1-inch  condenser  microphone  and  preamplifier  at  either  the  right 
or  left  ear  position.  The  microphone  head  was  recessed  1/4 
inch  from  the  surface  of  the  manikin  ear  and  was  connected  through 
appropriate  wiring  to  a  B&K  sound  level  meter  outside  the  chamber. 
Figure  6  shows  a  simplified  schematic  diagram  of  the  complete 
experimental  apparatus. 

2 .  Procedure 

The  helmet  was  tested  dry  in  NAVXDIVINGU ' s  #5 
recompression  chamber.  The  helmet  and  back  pack  scrubber  were 
"jocked"  (fastened  to  the  test  manikin)  in  a  normal  diving  position 
The  junction  between  the  helmet  neckseal  and  the  manikin's  neck 
was  sealed  with  tape  to  prevent  leaks.  Leaks,  if  present,  tended 
to  act  as  additional  sound  sources. 

The  helmet  exhaust  valve  was  set  at  the  fully  open 
position,  and  the  helmet  gas  control  valve  at  the  fully  closed 
position.  Helmet  sound  level  measurements  were  taken  at  0,  50, 

100,  200  and  300  fsw.  Both  ear  positions  were  tested  at  0  and 
50  fsw.  Only  the  left  ear  position  was  tested  at  100,  200  and 
300  :  •/. 

The  gas  mixtures  used  were  15%  oxygen,  85%  helium  and 
air.  Air  was  used  at  0  and  50  fsw  to  simulate  an  oxygen  decom- 
pres  in  stop.  Air  was  used  instead  of  oxygen  due  to  safety 
re  at.  is  and  the  fact  that  the  fluid  and  acoustical  properties  of 
pur  oxygen  are  very  nearly  identical  to  those  of  air.  15%  oxygen, 

85'-  helium  was  used  at  the  0  ,  100  ,  200  and  300  fsw  test  depths. 
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BEST  AVAtLABLE  COPY 


Microphone 
B&K  Type  4131 


Type  2203  With 
B&K  Octave  Band 
Filter  Set  Type  1613 


Figure  6 

Test  Set-Up  for  Measuring 
Sound  Levels  in  the  Advanced  He-02 

Diving  Helmet 


All  sound  level  tests  were  conducted  with  a  fresh 

mu 

charge  of  Baralyme  in  the  back  pack  scrubber. 

In  all  cases  the  gas  supply  pressure  was  regulated  at 
100  psi  over  bottom  pressure.  The  plumbing  between  the  pressure 
regulation  point  and  the  helmet  air  control  valve  was  approximately 
equivalent  to  three  50'  sections  of  standard  diver's  air  hose. 

Microphone  calibration  was  checked  before  and  after 
each  test  run  with  a  B&K  Sound  Level  Calibrater  Type  4230.  No 
changes  in  microphone  calibration  were  found. 

Chamber  background  noise  levels  were  also  tested  and 
found  to  be  insignificant  when  compared  to  the  measured  helmet 
sound  levels. 

Octave  band  sound  pressure  levels  and  meter  A-weighted 
sound  levels  (dBA  slow)  were  taken  for  all  test  conditions. 

3.  Data  Handling 

The  descriptive  sound  measurement  most  frequently 
used  to  determine  noise  risk  in  industry  and  in  the  Navy  is  the 
A-weighted  sound  level,  dBA.  This  term  also  relates  closely  to 
the  various  noise-rating  numbers  used  to  describe  interference 
with  communications,  annoyance  and  noise  fatigue . (4) (5) (6) . 
Unfortunately,  calibration  curves  for  the  A-weighted  sound  level 
measurement  at  increased  ambient  pressures  as  read  directly  from 
the  sound  level  meter  are  not  available.  It  was  necessary  to 
first  correct  the  measured  octave  band  sound  pressure  levels  for 
the  microphone  sensitivity  changes  as  a  result  of  increased 
pressure  (7) (8) (9)  and  then  determine  the  equivalent  A-weighted 
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sound  levels  (dBA)  from  the  equivalent  sound  level  contours  shown 
in  Figure  7.  This  procedure  is  referred  to  herein  as  method  one. 

The  pressure  correction  factors  published  by  Thomas, 

Preslar  and  Farmer  for  B&K  condenser  microphones  when  used  in  an 
He-02  envibonment  cover  only  certain  specific  He-02  mixtures  (7)  . 
However,  the  procedures  used  to  obtain  the  published  correction 
factors  and  other  unpublished  work  (8)  provide  nearly  conclusive 
evidence  that  the  correction  factors  contained  in  reference  7  are 
accurate  for  nearly  all  helium-oxygen  mixtures  of  less  than  50% 
oxygen.  The  chamber  ascent  technique  used  (7)  was  straight  pres¬ 
sure  bleed-off  (8).  Thus  the  helium  percentage  on  ascent  only  was 
almost  a  constant  98.6%  instead  of  the  reported  variable  percentage. 
Yet  there  was  no  significant  change  in  the  microphone  calibration 
from  the  descent  tests  where  the  percentage  helium  was  considerably 
less.  Unpublished  tests  by  Thomas  have  also  indicated  no  significant 
difference  in  the  calibration  of  B&K  Type  4132  1"  condenser  micro¬ 
phones  when  used  at  one  atmosphere  on  mixtures  of  80/20  (80%  helium, 
20%  oxygen)  85/15;  90/10;  95/5  or  100%  helium  (8). 

Sound  levels  below  90  dBA  could  not  be  handled  by 
method  one.  For  surface  tests  the  A-weighted  recordings  from  the 
sound  level  meter  were  used  directly.  Under  pressure  method  two 
described  below  was  used  to  obtain  an  approximation  of  the  dBA  level. 

The  contour  penetration  method  (method  one)  of  determining 
the  equivalent  A-weighted  sound  levels  is  widely  used  (BUMED,  OSHA) , 
and  in  most  cases  it  works  well,  especially  in  cases  where  the 
dBA  levels  are  controlled  by  noise  in  the  1000  to  4000  Hz  center 
frequency  octave  bands.  This  was  the  case  in  all  the  open 
circuit  air  helme1-  tests  (1).  In  those  cases,  very  close 

14 

BEST  AVAILABLE  COPY 


agreement  was  obtained  between  dBA  levels  calculated  by  this 
method  and  the  dBA  levels  calculated  by  mathematically  exact 
methods.  The  mathematically  exact  methods  are  accomplished  by 
adjusting  the  measured  octave  band  sound  pressure  levels  by  the 
appropriate  A-weighting  factor  and  then  combining  the  results 
by  the  time-consuming,  mathematically  exact  rules  for  addition 
of  decibel  expressed  quantities  (4)  (11)  (12). 

The  contour  penetration  method,  however,  breaks  down 
when  the  dBA  levels  are  controlled  by  energy  in  the  125,  250, 
and  500  Hz  center  frequency  octave  bands.  It  gives  dBA  levels 
that  are  too  low  (10).  Here,  the  mathematically  exact  method 
or  equivalent  must  be  used.  Under  these  conditions  and  when 
using  1"  B&K  condenser  microphones,  very  close  agreement  with 
the  mathematically  exact  method  can  be  obtained  by  simply  adding 
to  the  dBA  reading  from  the  sound  level  meter  the  microphone 
pressure  correction  factor  for  low  frequencies.  This  occurs 
because  for  the  B&K  1"  condenser  microphones,  the  pressure 
correction  factors  are  essentially  equal  (to  within  1  dB  or  less) 
for  all  octave  bands  with  center  frequencies  up  to  and  including 
2000  l’z  on  air  and  up  to  and  including  4000  Hz  on  helium-oxygen 
mixtures  (7)  (9).  This  procedure  is  referred  to  herein  as  method 
two. 

The  point  where  one  must  use  one  of  the  latter  methods 
(method  two  or  the  mathematically  exact  method)  occurs  when  the 
measured  sound  pressure  levels  in  the  octave  bands  with  center 
frequencies  at  125,  250,  and  500  Hz  exceed  the  measured  sound 
pressure  levels  in  the  octave  bands  with  center  frequencies  at 


1000,  2000  and  4000  Hz  by  more  than  their  A-weighted  correction 
factors.  These  are  3.3  dB  for  the  500  Hz,  8.7  dB  for  the  250  Hz, 
and  1^.2  dB  for  the  125  Hz  center  frequency  octave  bands  (4). 

For  the  tests  conducted  herein  the  measured  sound 
pressure  levels  in  the  250  Hz  center  frequency  octave  bands  were 
generally  8  to  15  dB  higher  than  those  in  the  1000  Hz  center 
frequency  octave  bands.  Consequently  both  methods  one  and  two 
were  used  for  comparison  purposes. 
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B.  ventilation  Tests 
1 .  Apparatus 

Figure  8  shows  a  schematic  diagram  of  the  test 
set-up  used  for  these  tests. 

The  test  manikin  shown  consisted  of  a  head  of  h" 
soft  rubber  over  a  sawdust  and  epoxy  resin  core  and  a  fiberglass 
torso.  It  contained  internal  tubing  to  allow  it  to  breathe  like  a 
working  diver  when  connected  to  an  external  breathing  machine  as 
shown.  The  internal  tubing  was  arranged  such  that  the  ratio  of  oral 
flow  to  nasal  flow  was  approximately  2  to  1.  The  manikin  also  contained 
additional  internal  tubing  to  allow  4  gas  samples  and  1  pressure 
reference  to  be  taken  from  inside  the  helmet  without  having  to  pene¬ 
trate  or  disturb  the  helmet  itself.  The  pressure  reference  point 
was  in  the  center  front  of  the  manikin's  chin.  Hie  gas  sample 
openings  were  2  below  each  ear,  and  they  carried  fittings  to  allow 
extension  tubing  or  caps  to  be  added  as  desired.  This  was  done 
whenever  a  sample  was  desired  from  a  location  other  than  immediately 
below  the  manikin's  ears.  Two  eyebolts  fastened  to  the  torso  base 
front  and  rear  were  provided  as  anchor  points  for  the  various 
helmet  "jocking"  systems. 

The  test  box  was  made  of  V'  acrylic  plastic  in  the 
shape  of  a  regular  hexogonal  cylinder  5'  high  by  33”  internal 
diagonal.  The  main  lid  was  removed  only  when  changing  helmets 
or  working  on  equipment  inside  the  box.  A  smaller  armhole  was 
used  for  helmet  valve  adjustments  and  minor  internal  repairs. 
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The  loop  in  the  plumbing  between  the  breathing 
machine  and  the  manikin  was  used  to  obtain  a  more  uniform  CO^ 
concentration  in  the  manikin's  exhaled  breath.  Without  the 
loop  the  CO 2  had  to  move  from  its  addition  point  at  the  breathing 
machine  to  the  manikin's  mouth  by  diffusing  through  an  oscillating 
column  of  gas.  This  resulted  in  a  heavy  concentration  of  the 
expired  C02  toward  the  end  of  the  expiration  cycle.  This  situation 
occured  because  the  necessity  (and  convenience)  of  having  the 
breathing  machine  outside  the  pressure  boundary  resulted  in  long 

hoses  with  an  internal  volume  in  excess  of  the  2  liter  tidal 

*  % 

volume  provided  by  the  breathing  machine.  With  the  arrangement 
shown  the  volume  of  the  oscillating  (net  flow  equal  only  to  the 
CC>2  addition  rate)  gas  column  between  the  loop  (uni-directional  flow) 
and  the  manikin's  mouth  was  reduced  to  approximately  140  cc.  This 
was  the  volume  of  the  breathing  system  tubing  internal  to  the  mani¬ 
kin.  With  the  system  shown  the  volume  (or  length)  of  the  hoses  used 
in  the  breathing  loop  and  the  volume  of  the  plumbing  between  the 

t 

breathing  machine  and  the  breathing  loop  have  negligible  effect 
on  the  expired  C02  profile.  They  affect  only  the  mechanical 
(hose  stretch)  and  pneumatic  (air  compressability)  compliance  of 
the  breathing  system  and  its  C02  concentration  time  constant  (the 
length  of  time  for  C02  concentrations  to  reach  equilibrium  or 
steady  state) .  Total  breathing  loop  volume  was  approximately 
5.5  liters. 

A  sample  of  the  C02  profile  leaving  the  mixing 
box  with  this  system  is  contained  in  Appendix  A.  The  time 
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required  for  CO2  levels  to  reach  equilibrium  (steady  state) 
with  this  system  was  about  5  minutes.  The  errors  introduced  by 
the  mechanical  and  pneumatic  compliance  of  the  breathing  loop 
plumbing  were  small  and  could  safely  be  neglected.  These  errors 
affected  only  the  maximum  and  minimum  breathing  pressures  produced 
in  the  helmet,  and  their  effect  was  to  reduce  the  peak  pressures 
produced.  The  worst  case  peak  reduction  which  occured  at  the 
surface  (0  fsw)  where  the  pneumatic  compliance  was  greatest  was 
estimated  at  less  than  10%. 

The  measurement  range  of  the  CC>2  analysers  used  was  0  to 
0.5  per  cent  by  volume  for  the  Beckman  IR  215  Analyser  and  0  to 
5.0  per  cent  by  volume  for  the  Beckman  LB-1  Analyser. 

Number  1  CC>2  sample  line  (Figure  8)  was  placed  in  the  center 
of  the  manikin's  mouth.  C02  sample  lines  numbers  2,  3  and  4 
(Figure  8)  were  set  to  draw  samples  from  respectively  the  back 
pack  suction  hose,  the  back  pack  return  hose  and  the  exhalation 
mixing  box.  All  samples  were  drawn  by  open  ended  1/16"  I.D. 
tubes  or  fittings.  The  solenoid  on  the  number  1  sample  line 
was  controlled  by  a  micro-switch  on  the  breathing  machine  piston 
drive.  It  was  set  to  allow  a  sample  to  pass  only  during  manikin 
inhalation.  Sample  lines  2,  3  and  4  were  arranged  to  draw  a 
continuous  sample  when  in  use. 

Differential  pressure  transducer  A  (Figure  8)  was  a  5  PSID 
Statham  transducer  set  up  to  measure  the  pressure  in  the  helmet 
relative  to  water  pressure  at  the  level  of  the  manikin's  supra¬ 
sternal  notch  (20  cm.  below  mouth  center  line)  .  The  water 
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pressure  reference  tube  was  kept  clear  of  water  by  air  added 
from  an  LP  source  at  a  rate  sufficient  to  produce  a  tiny,  but 
steady  stream  of  bubbles  from  its  open  end  as  shown  in  Figure  8. 

The  bubble  stream  was  monitored  by  visual  observation,  and  its 
presence  did  not  effect  the  accuracy  of  the  measured  pressures. 

Differential  pressure  transducer  B  (Figure  8)  was  a  1  PSID 
Statham  transducer  set  up  to  measure  the  pressure  head  (pressure 
rise)  generated  by  the  venturi. 

2 .  Procedure 

The  following  were  the  controlled  variables  and  the 
values  at  which  they  were  controlled: 

depth  0,  50,  100,  200,  300,  400,  500, 

600,  750  fsw 

breathing  media  air,  20%  He02 ,  3%  HeO^ 

breathing  machine: 

tidal  volume  1.0  liters  per  breath 

breathing  rate  30  breaths  per  minute 

C02  add  rate  1.2  slpm 

waveform  modified  sinusoid  with  exhalation 

to  inhalation  time  ratio  of  1.1  to  1.0 

supply  pressure  100  psi  overbottom  pressure 

measured  at  the  inlet  to  the 
non-riturn  valve. 


22 


valve  positions: 
exhaust  valve 
air  control  valve 

helmet  position  on 
manikin 

exhaled  gas : 
humidity 
temperature 


fully  closed, 1/3  (1  turn)  open 
fully  closed 

normally  jocked  position  with 
manikin  head  looking  straight 
ahead. 

saturated  at  room  temp, 
room  temp,  (approx  70°F) 


The  following  were  the  measured  variables: 

helmet  pressure  relative  to  water  pressure  at 

the  level  of  the  manikin's  suprasternal  notch  (20  cm. 
below  the  mouth  center) 

pressure  rise  generated  by  the  venturi 
helmet  gas  consumption  ' 
recirculation  (back  pack)  flow  rate 
helmet  internal  temperature 
CO2  levels  at  the  following  locations: 

1.  at  center  of  manikin's  mouth 

2.  back  pack  suction  hose 

3.  return  hose  from  the  back  pack  to  the  helmet 

4.  outlet  of  exhalation  mixing  box 

The  procedure  was  to  set  the  helmet  air  control  and  exhaust 
valves  at  the  desired  positions  (air  control  valve  always  closed) 
and  then  proceed  through  the  depth  and  gas  mixture  conditions  in 
the  following  order: 
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Depths 


Gas  Mixtures 


Test  Run 
#1 


0,  50/  100  fsw: 


100, 

200, 

300 

500, 

600, 

750 

400 


air 


50  and  0  fsw  3%  He02 

"-st  Run  0/  50/  100,  200,  20%  He02 

#2  100  and  50  fsw 

Two  complete  preliminary  runs  were  undertaken  for  the 
purposes  of  operator  familiarization  and  equipment  and  procedure 
de-bugging  prior  to  the  2  test  runs  described  above. 

All  C02  sample  lines  were  secured  whenever  pressure  measure¬ 
ments  were  being  made. 

The  selection  of  the  breathing  rate  and  tidal  volume  para¬ 
meters  was  influenced  as  much  by  practical  considerations  as  it 

i 

was  by  physiological  considerations.  Previous  tests  of  neckseal 
type  air  diving  helmets  at  25  breaths  per  minute  and  a  2.0  liter 
tidal  volume  (50  liters  per  minute  respiratory  minute  volume  (RMV) ) 
had  revealed  a  distressing  tendency  of  those  helmets  to  take  on 
water  under  those  conditions,  especially  at  200  fsw  (1).  Experience 
with  neckseal  type  recirculating  helmets  had  revealed  a  similar 
tendency  at  15  breaths  per  minute  and  a  2.0  liter  tidal  volume 
(30  1pm  RMV).  These  leakage  problems  were  observed  to  essentia j ly 
disappear  when  the  respiratory  parameters  were  changed  to  a  1.0 
liter  tidal  volume  at  30  breaths  per  minute  (30  1pm  R’lV)  .  Con¬ 
sequently  the  latter  parameters  were  used  for  these  tests.  The 
helmet  peak  pressure  data  recorded  during  these  tests  and  similar 
data  obtained  during  the  tests  of  the  Advanced  Air  Helmet  (1) 
confirmed  that  helmet  leakage  and  ultimate  flooding  would  have  been 
likely  had  the  2.0  liter  tidal  volume  been  used.  (Peak  inhal^Vion 
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pressures  of  greater  than  -25  cm  HjO  were  generally  observed  to 

result  eventually  in  a  flooded  helmet.)  As  a  further  precaution 

against  flooding,  the  seal  between  the  helmet  neckseal  and  the 

TM 

manikin's  nect  was  augmented  with  Band-Aid  Skin  Tape. 

Dry  gasometers  were  normally  used  to  measure  the  net  flow 
through  the  helmet  system  (gas  consumption)  and  the  flow  through 
the  canister  (recirculation  rate).  Whenever  possible,  the  gas 
consumption  rate  was  also  determined  by  timing  the  pressure  drops 
in  the  supply  gas  storage  bottles.  This  was  the  only  method  that 
could  be  used  at  400  fsw  and  below  due  to  leaks  at  those  depths  in 
the  lid  seals  on  the  test  box. 

All  transducers,  CO2  analysers  and  recorders  were  calibrated 
daily  and  immediately  prior  to  any  major  test.  No  significant 
changes  in  calibration  were  found  to  occur.  The  differential 
pressure  transducers  and  their  recorder  were  calibrated  against 
a  water  manometer;  the  C02  analysers  and  the  Ester lyne  Angus 
recorder  were  calibrated  against  gases  of  known  C02  concentrations. 
The  dry  gasometer  and  flowmeters  were  factory  calibrated.  The 
thermistor  was  calibrated  against  room  temperature. 

3.  Data  Handling 

The  values  of  the  measured  parameters  are  tabulated 
in  Tables  2  and  3.  The  measured  C02  values  were  also  cross¬ 
checked  for  consistency  and  conservation  of  CC>2.  The  general 
results  of  these  cross-checks  are  discussed  in  Section  V.  B. 

The  detailed  results  are  contained  in  Appendix  A,  Tables  A-l 


and  A-2. 


C.  Manned  Tests 


1.  Bicycle  Ergometer  Ventilation  Tests 

a.  General 

These  tests  were  conducted  as  part  of  a  dry 
300  foot  equipment  evaluation/saturation  training  dive  con¬ 
ducted  at  NAVXDIVJNGU  in  March  1971.  In  general  terms  the 
test  subjects  were  asked  to  donn  a  particular  piece  of  diving 
equipment  and  then  ride  a  standard  laboratory  bicycle  ergometer 
located  in  NAVXDIVINGU' s  #5  wetpot  for  specified  times  at  speci¬ 
fied  work  rates.  Several  pieces  of  diving  equipment  were  tested. 
This  section  details  the  tests  that  were  performed  with  the 
subjects  using  the  Advanced  Mixed  Gas  Diving  System. 

b .  Apparatus 

Figure  9  shows  a  schematic  of  the  test  apparatus 
used  for  these  tests.  Figure  10  shows  one  of  the  test  subjects 
riding  the  bicycle  ergometer.  Figure  11  shows  a  close-up  of 
the  helmet  under  test  as  it  was  worn  with  a  neckseal  by  one  of 
the  test  subjects. 

Tests  were  conducted  with  the  helmet  used  with  a 
neckseal  (Fig.  11)  and  also  with  it  used  with  a  constant  volume 
dry  suit.  The  constant  volume  suits  used  were  Du^lup  dry  sui* 
cut  off  at  the  w^ist  to  prevent  the  subjects  from  suffering 
excessive  overheating.  v*aniber  temperature  was  a  balmy  85-88°F)  . 
To  effect  a  seal,  the  suits  were  taped  to  the  subject's  waists 
with  standard  surgical  adhesive  tape. 
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Figure  9  Schematic,  Bicycle  Ergometer  Ventilation  Test  Apparatus 
for  He-O?  Helmets,  March,  1971 


Figure  10 


Test  Subject  Riding  the  Bicycle  Ergometer 

Note  the  ropes  and  weights  of  the  helmet  counterbalance  system 
and  the  collection  hose  from  the  helmet  exhaust  to  the  dry 
gasometer . 
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To  relieve  the  weight  on  the  subjects,  the  helmet 
and  back  pack  were  supported  by  a  counter-weight  system  as  shown 
in  Figures  9  and  10. 

The  net  flow  through  the  system  (i.e.  system  gas 
consumption)  was  measured  by  collecting  the  effluent  gas  from 
the  helmet  exhaust  valve  and  passing  it  through  a  dry  gasometer 
(Figures  9,  10  and  11).  This  arrangement  worked  only  sporadically 
when  the  subjects  were  using  neckseals.  It  was  completely  un¬ 
reliable  when  they  were  using  the  modified  dry  suits.  In  that 
case  leaks,  always  a  problem  even  with  the  neckseals,  became 
almost  impossible  to  control.  This  method  of  measuring  helmet 
gas  consumption  rates  has  since  been  abandoned  in  favor  of 
rotameter  type  flowmeters  in  the  gas  supply  system. 

The  helmet  internal  pressure  relative  to  chamber 
pressure  was  monitored  by  a  Statham  1  PSID  differential  pressure 
transducer  and  recorded  on  a  Gilson  multi-channel  recorder. 

C02  and  C>2  levels  were  monitored  by  the  instruments 
shown  in  Figure  9.  The  measuring  ranges  of  the  instruments  were 
0-1%  by  volume  for  the  IR-315A  CC>2  analysers,  0  to  0.5%  by  volume 
for  the  IR-215  C02  analyser  and  0-25%  by  volume  for  the  F-3 
oxygen  analyser.  The  readings  from  the  IR-315Aanalysers  (helmet 
exhaust  and  canister  suction  C02  levels)  were  recorded  on  a 
wide  channel  Sargent  Welch  recorder  as  shown. 

Back  pack  flow  was  not  monitored  during  the  actual 
bicycle  tests.  It  was  measured  once  at  each  test  depth  by  re¬ 
moving  the  helmet  from  the  test  subject,  tying  off  the  neckseal 
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and  inserting  a  second  dry  gasometer  in  the  canister  suction 
hose  as  in  Figure  8. 

c.  Procedures 

The  following  were  the  controlled  variables  and  the 

values  at  which  they  were  controlled: 

depth  10,  200  and  300  fsw 

work  rate  nominally  60,  90  and  120  watts;  51, 

81  and  113  watts  by  actual  calibration  (18) 

time  at  each 
work  rate  6  minutes 

gas  mixture  30%  HeC^  at  10  fsw,  16%  HeC^  at  200  and 
300  fsw 

supply  over 
bottom 

pressure  100  psi 

supply  valve 
position  closed 

exhaust  valve 

position  subject's  choice 
mode  of 

helmet  use  dry  suit,  neckseal 

The  following  were  the  measured  variables: 

helmet  pressure  relative  to  chamber  pressure 

helmet  gas  consumption  (assumed  equal  to  exhaust  rate) 

oxygen  content  in  the  helmet 

CO2  levels  at  the  following  locations: 

1.  exhaust  collection  hose 

2 .  canister  suction  hose 

3.  canister  return  hose 
helmet  exhaust  gas  temperature 
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A  "surface  control"  run  was  conducted  at  10  fsw. 

However,  due  to  time  considerations,  only  limited  data  was  taken: 
gas  consumption  and  helmet  pressure  data  for  2  of  the  4  test 
subjects.  However  all  subjects  had  at  least  2  complete  practice 
sessions  on  the  bicycle  prior  to  dive  commencement. 

Full  test  runs  were  conducted  at  200  fsw  with  subjects 
Huckins  and  Waddell  using  the  Advanced  Mixed  Gas  Helmet  with  a 
neckseal.  No  dry  suit  runs  were  attempted  at  200  fsw.  At  300  fsw 
full  test  runs  were  accomplished  by  subjects  Waddell,  Brewer  and 
Davis  using  the  helmet  with  a  neckseal  and  by  subjects  Huckins 
and  Davis  using  it  with  a  dry  suit. 

Each  test  consisted  of  an  18  minute  period  composed  of 
3  six-minute  work  periods  with  no  breaks  in  between.  During  the 
first  6  minute  period  the  subject  performed  work  at  a  rate  of 
51  watts  mechanical;  during  the  2nd,  81  watts  mechanical;  and 
during  the  third,  113  watts  mechanical.  These  work  rates  cor¬ 
respond  roughly  to  oxygen  consumption  rates  of  1.0,  1.5  and  2.0 
liters  per  minute,  STPD  (18).  All  measurements  were  made  durinq 
the  last  minute  of  each  6  minute  work  period. 

All  transducers,  gas  analysers  and  recorders  were  cali¬ 
brated  daily  and  immediately  prior  to  any  major  st.  No  significant- 
changes  in  calibration  were  found  to  occur.  The  differential  pressure 
transducer  and  its  recorder  were  calibrated  against  a  water  manometer; 
the  C>2  and  CC>2  analysers  and  the  Sargent-Welch  recorder  against  gases 
of  known  concentrations.  The  dry  gasometers  and  flowmeters  were 
factory  calibrated.  The  thermistor  was  calibrated  against  room 
temperature . 
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d.  Data  Handling 

From  the  measured  values  reported  above  the  divers' 
indicated  oxygen  consumption  and  carbon  dioxide  production  were 
calculated.  These  were  then  checked  for  consistency  within 
themselves  and  with  data  from  the  same  subjects  performing  the 
same  work  rates  on  the  same  saturation  dive  using  a  Kirby-Morgan 
KMB-8  Bandmask  (17)  .  These  crosschecks  resulted  in  the  measured 
oxygen  readings  being  thrown  out  for  reasons  detailed  in  Section 
V.  C.  1. 

The  values  of  the  measured  variables  and  the  cal¬ 
culated  CC>2  production  rates  are  tabulated  in  Tables  5,  6  and  7. 


2.  Subjective  Test  Dives 

a.  Apparatus  and  Procedures. 

These  tests  were  all  conducted  in  NA^XDZVINGU's  #5  and 
#6  wetpots.  The  oxygen  level  in  the  canister  suction  hose  and  the 
carbon  dioxide  level  in  the  canister  return  hose  were  monitored 
by  Beckman  F-3  and  IR  315\ analyzers  respectively.  The  samples 
were  transmitted  to  the  analyzers  via  1/32"  I.D.  tubing  approx. 

20  feet  in  length. 

The  helmet  was  supplied  with  gas  from  the  gas  control 
board  at  100  psi  overbottom  pressure  whenever  mixed  gas  was  being 
used  and  at  30  psi  overbottom  pressure  when  oxygen  was  being  used. 
The  piping  between  the  pressure  regulation  point  and  the  inlet  to 
the  helmet  non-return  valve  consisted  of  30  feet  of  3/4"  I.D. 
pipe,  three  3/4"  CPV  globe  valves,  (all  fully  open)  and  50'  of  3/8" 
I.D.  medium  pressure  hose. 

Water  temperature  for  all  dives  was  maintained  at  a  level 
comfortable  to  the  divers,  usually  about  80°F. 

Normal  U.S.  Navy  diving  procedures  were  followed.  While 
on  the  bottom  the  divers  alternated  between  10  minute  periods  of 
moderate  work  and  5  minute  rest  periods.  The  work  the  divers  were 
asked  to  perform  alternated  between  lifting  a  70-pound  weight  (78 
lbs  dry)  a  distance  of  2  1/2  feet  10  times  per  minute  and  swimming 
ayainst  a  trapeze  designed  to  exert  a  steady  backward  force  of 
6.0  lbs.  For  an  average  diver,  exerting  a  stationary  swimming 
force  of  6.0  lbs.  produces  an  oxygen  demand  of  approximately  1.26 
standard  liters  per  minute  (19).  This  is  equivalent  to  a  respira¬ 
tory  minute  volume  of  approximately  30  liters  per  minute  (20)  or  to 
swimming  in  SCUBA  at  a  steady  speed  of  approximately  0.8  knots 
(19)  (20). 


34 


Twenty  manned  dives  were  conducted  using  the  helmet 
(Model  3000,  Serial  Number  412)  with  a  standard  advanced  backpack 
and  standard  advanced  neckseals.  Ten  different  divers  were  used. 
Table  1  lists  the  depths  and  bottom  times  used. 


Number  of 
Dives 


Depth/Bottom  Time 
(fsw/minutes) 

60/30 

60/40 

60/45 

60/50 

60/60 

60/120 

1E0/20 

150/30 

230/20 

300/15 


Table  1 

Depth-time  Breakdown  for  Subjective  Test  Dives  conducted  with  the 
Advanced  Mixed  Gas  Diving  Helmet, 
b.  Data  Handling 

Oxygen  and  carbon  dioxide  level  readings  were  taken 
every  5  minutes  during  all  dives.  After  each  dive  the  divers 
were  asked  to  complete  a  subjective  analysis  questionnaire  on  the 
helmet,  representative  copies  of  which  are  found  in  Appendix  C. 
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V. 


RESULTS  AND  DISCUSSION 


A.  Sound  Level  Tests 

Table  2  lists  the  octave  band  sound  pressure  levels  and  the 
equivalent  dBA  sound  levels  obtained  from  the  Advanced  Mixed  Gas 
Diving  System. 

Figure  12  lists  the  currently  accepted  noise  exposure  limits. 

A  comparison  of  Figure  12  with  Table  2  indicates  that  the 
sound  levels  existing  in  the  Advanced  Mixed  Gas  System,  when  used 
in  the  venturi  mode,  are  into  the  damage  risk  levels  under  most 
of  the  conditions  tested.  The  conditions  tested  are  considered 
to  be  representative  of  most  normal  He-02  diving  situations.  The 
measured  sound  levels  are  however  not  into  the  damage  risk  level 
far  enough  to  preclude  normal  helium-oxygen  diving  operations 
provided  that  precautions  are  taken  to  avoid  excessively  long 
exposures . 

The  measured  sound  levels  are  however  high  enough,  parti¬ 
cularly  in  the  lower  frequencies,  so  that  some  interference  with 
communications  can  be  expected. 

Open  circuit  sound  levels  occuring  in  the  system  were  not 
measured.  It  can  be  safely  assumed  that  the  open  circuit  air  and 
oxygen  sound  levels  will  be  comparable  to  those  existing  in  the 
Advanced  Model  2000  Air  Diving  Helmet  (92-102  dBA,  reference  1) 
since  the  open  circuit  equipment  in  the  two  helmet  models  is  nearly 
identical.  Open  circuit  He-02  operating  time  is  short,  and  exper¬ 
ience  with  similar  equipment  has  indicated  that,  within  the  same 
helmet  type,  the  open  circuit  He-02  soun<3  levels  are  comparable 
to  the  open  circuit  air  sound  levels  (14) . 
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Sound  Levels,  Advanced  Mixed  Gas  Diving  System,  Model  3610 
System  tested  dry  with  helmet  exhaust  valve  set  at  fully  open. 
Data  taken  10  October  1970. 


FIGURE  12 


Currently  Accepted  Daily  Noise  Exposure  Limits  (3) (4) 


The  tests  conducted  herein  were  all  conducted  with  the 
helmet  dry.  At  this  point  there  are  no  mixed  gas  helmets  that 


have  been  tested  for  sound  levels  both  wet  and  dry.  Open  circuit 
air  helmets,  when  submerged,  exhibit  increases  in  their  measured 
sound  levels  from  none  to  5  or  6  dBA  depending  the  type  of  helmet 
(10,  13,  14,  15).  The  increases  are  believed  to  be  due  to  bubble 
and  possibly  exhaust  valve  noise.  Since  He-02  helmets  produce 
relatively  little  exhaust  gas,  it  is  felt  that  their  submerged 
sound  levels  will  be  little,  if  any,  higher  than  their  dry  sound 
levels . 

The  helmet  gas  consumption  and  recirculation  rates  were  not 
measured  during  these  tests.  It  can  be  safely  assumed  however  that 
they  are  approximately  equal  to  the  gas  consumption  and  recirculation 
rates  reported  in  Sections  V.  B  and  V.  C.l. herein  since  the  conditions 
producing  them  were  comparable. 

The  damage  risk  levels  (Figure  12)  have  been  developed  for 
exposures  in  14.7  psia  air,  and  their  applicability  under  increased 
ambient  pressures  has  not  yet  been  substantiated.  There  is  some 
reason  to  believe  that  the  ear  may  tolerate  higher  noise  levels  at 
increased  ambient  pressures  (2,  16).  There  are,  however,  at  least 
three  documented  cases  where  maximum  exposures  (Figure  12)  to 
damaqe  risk  level  noise  under  conditions  of  high  ambient  pressures 
have  produced  significant  temporary  hearing  impairments  (2)  .  This 
suggests  that  the  damage  risk  criteria  should  be  considered  accurate 
for  high  ambient  pressures  until  such  time  as  they  are  either 
demonstrated  inaccurate  in  that  application  or  are  replaced  by 
a  subsequent  standard. 


39 


The  data  presented  in  Table  2  is  not  sufficiently  extensive 
to  permit  the  establishment  of  firm  exposure  times  in  the  helmet 
based  solely  on  the  listed  sound  levels.  Further  testing  would 
be  required  before  that  could  be  done.  However,  until  that  time, 
it  is  considered  advisable  not  to  exceed  the  maximum  daily  exposures 
indicated  by  comparison  ot  Table  2  with  Figure  12,  less  h  hour. 

The  *5  hour  reduction  is  to  allow  for  the  effects  of  the  short 
periods  of  open  circuit  operation  normally  encountered  in  He-02 
diving.  This  will  mean,  in  most  circumstances,  restricting  a 
diver's  time  in  the  helmet  to  not  more  than  4  hours  per  24  hour 
period.  This  may  have  to  be  reduced  further  if  the  diver  is 
exposed  to  high  noise  levels  in  his  non-diving  work  as  well. 

If  it  is  desired  to  compute  the  maximum  allowable  exposure 
to  noise  of  varying  levels,  the  following  formula  may  be  used  (3) (4) 

t  ....  Cn  (  j 


Where  C^....Cn  are  the  actual  durations  of  exposure  at  the  noise 
levels  with  duration  limits  T^....Tn  as  defined  by  Figure  12  . 
Reference  3,  BUMED  INST.  6260. 6B,  Navy  Dept.,  Hearing  Conservation 
Program,  should  be  consulted  if  it  is  found  necessary  to  use  this 
formula. 

There  is  sometimes  a  wide  variability  in  the  measured  sound 
levels  between  air  helmets  of  the  same  type  (2)  (10) .  So  far  there 
has  been  insufficient  testing  of  venturi  type  helium-oxygen  helmets 
to  determine  if  the  same  variability  exists  in  them.  The  two 
Ife-02  helmets  of  the  same  type  for  which  there  is  data  exhibited 
very  similar  sound  levels  (10)  .  In  the  venturi  type  helmets 


most  of  the  components  that  have  significant  effect  on  the  sound 
level,  venturi,  ducting,  etc.  are  fixed  and  relatively  free  from 
abuse.  .  Consequently  it  is  reasonable  to  assume,  until  proven 
otherwise,  that  there  is  not  significant  variation  in  the  sound 
levels  between  helium-oxygen  helmets  of  the  name  type.  If  such 
variability  is  demonstrated,  the  exposure  limits  expressed  above 
may  have  to  be  reduced. 
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B.  Breathing  Machine  Ventilation  Tests 

Tables  3  and  4  present  the  complete  data  taken  on  the  two 

test  runs.  Figures  13,  14  and  15  present  the  more  important  data 

j.n  ciraphic  form.  Figure  13  gives  plots  of  the  helmet  gas  consumption 

and  the  total  helmet  flow  rate.  The  total  helmet  flow  rate  is  the 

sum  of  the  gas  consumption  and  recirculation  rates  listed  in  Tables 

3  and  4.  Figure  13  also  contains  the  flow  rate  data  obtained  under 

Sections  V.  C.  1.  Figure  14  gives  a  plot  of  the  peak  inhalation  and 

exhalation  pressures?  Figure  15,  the  cannister  inlet  and  outlet  C02 

levels . 

» 

Figures  A-2  and  A- 3  of  Appendix  A  contain  representative 
samples  of  the  pressure  and  C02  recorder  tracings  obtained  during 

these  tests. 

As  can  be  seen  in  Tables  *3  and  4  and  in  Figure  13 ,  thejj 
helmet  provides  ample  flow  thorughout  most  of  the  depths  tested. 

There  is  no  accepted  minimum  helmet  flow  rate  for  mixed  gas  helmets. 
However  the  4.5  aofm  ventilation  rate  widely  accepted  for  air 
helmets  (25)  is  considered  also  to  be  a  reasonable  minimum  level 
for  recirculating  type  helmets.  The  flow  rate  through  the  Advanced 
Mixed  Gas  helmet  exeeeds  that  level  throughout  the  0  to  300  foot 
water  column  where  the  helmet  would  normally  be  used. 

The  asymptotic  forms  of  the  gas  consumption  and  recirculation 
rate  curves  (Figure  13)  are  typical  of  venturi  powered  recirculating 

type' helmets .  So  are  the  ratios  of  recirculation  flow  to  gas 

i 

consumption  listed  in  Tables  2  and  3.  (21) (22) (23) . 

The  transducer  monitoring  the  pressure  rise  across  the 
venturi  was  repeatedly  checked  for  calibration  and  found  to  be 
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*  Gasometer  method  unless  2  values  are  shown.  If  2  values  are  shown,  gasometer  method  value 
is  the  top  value;  pressure  drop  method  value,  the  lower  value, 
o  Operator  reading  -»rror  suspected;  value  not  used  in  calculations. 

liable  4  Breathing  Mad  me  Ventilation  Test  Results ; Advanced  He-02  Divina  Helmet, 

23  Februarv  1971.  Test  *2 
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Symbol  Key 

*  3%  HeC>2  °  20%  He02 

Run  #1  —  —  Test  Run  #2 


Figure  15  Canister  Inlet  and  Oufet  CO2  Level 
Breathing  Machine  Ventilation  Tests 
' uvanced  Mixed  Gas  Helmet 


accurate  each  time.  The  measured  pressures  nonetheless  appear  very 
low,  particularly  in  light  of  much  higher  values  obtained  recently 
for  a  re-designed,  but  nonetheless  basically  similar,  venturi  in  the 
Navy  Prototype  MK  XII  Helium-Oxygen  Helmet  (23).  Consequently  the 
indicated  pressure  rise  figures  for  the  venturi  are  viewed  with  some 
degree  of  reservation. 

The  recirculation  rates  occurring  with  the  helmets  in  actual 
service  may  be  slightly  higher  than  those  indicated.  The  presence 
of  the  dry  gasometer  in  the  recirculation  loop  retards  the  flow 
somewhat.  The  additional  pressure  drop  imposed  on  the  recirculatior 
loop  by  the  gasometer  was  not  measured,  and  its  actual  effect  on 
the  system  could  not  be  determined.  Dry  gasometers  are  however 
supposed  to  be  very  low  resistance  instruments,  and  a  check  of  the 
pressure  rise  generated  by  the  venturi  indicates  that  this  was 
indeed  the  case.  The  pressure  rise  generated  by  the  venturi,  which 
must  equal  the  total  recirculation  loop  pressure  drop,  was  in  all 
cases  indicated  as  4  cm.  H2O  or  less  subject  to  the  reservation 
expressed  above.  Consequently,  but  subject  to  that  same  reservation, 
the  flow  retardation  caused  by  the  gasometer  can  be  reasonably 
assumed  to  have  been  small,  if  any  at  all. 

The  position  of  the  helmet  exhaust  valve  had  a  considerable 
influence  on  the  measured  helmet  pressures.  This  was  discovered 
during  the  trial  runs  and  repeated  during  the  test  runs.  A 
representative  pressure-time  trace  from  the  test  runs  is  shown  in 
Figure  A-l,  Appendix  A.  In  that  case  opening  the  exhaust  valve 
from  the  fully  closed  position  to  1  turn  open  had  no  perceptible 
effect.  However  opening  it  1/2  turn  further  to  1  1/2  turns  open 
(approximately  1/2  way  open)  caused  the  peak  exhalation  and 
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inhalation  pressures  to  drop  from  +38  and  +10  cm.I^O  respectively 
to  0  and  -16  cm.  H2O  respectively.  The  break  point  was  later 
established  during  the  test  runs  as  being  between  1  and  1  1/4  turns 
open. 

The  manufacturer  at  the  time  of  these  tests  was  recommending 
that  the  exhaust  valve  be  set  at  1  3/4  turns  open.  The  manufacturer 
presently  recommends  that  the  exhaust  valve  be  set  at  1  1/2  to  2  1/2 
turns  open  (26).  For  these  tests  the  exhaust  valve  was  set  at  1 
turn  open.  Previous  experience  had  indicated  that  helmet  pressures 
tended  to  become  more  negative  with  increasing  depth  (as  indeed 
they  did  here)  and  that  pressures  as  negative  as  those  encountered 
at  the  surface  with  the  exhaust  valve  set  at  1  1/4  turns  open 
would  result  in  a  flooded  helmet  well  before  the  test  could  be 
completed. 

With  the  exhaust  valve  set  at  1  turn  open,  the  maximum  and 
minimum  pressures  developed  in  the  helmet  during  respiration 
(relative  to  the  test  manikin's  suprasternal  notch  20  cm.  below 
mouth  center  line)  were  quite  large.  The  average  peak  exhalation 
pressures  were  about  40  cm.  H2O,  the  average  peak  inhalation  pressures, 
about  -20  cm.  H2O  (see  Figurel4  and  Tables  3  and  4)  .  Even  with  the 
high  peak  exhalation  pressures,  the  peak  inhalation  pressures  were 
still  sufficiently  negative  to  necessitate  augmenting  the  seal 
between  the  helmet  neck  seal  and  the  neck  of  the  test  manikin  to 
prevent  the  helmet  from  flooding. 

By  the  same  token, however,  the  tape  undoubtably  contributed 
somewhat  to  the  high  measured  inhalation  and  exhalation  pressures 
by  not  allowing  any  neck  seal  leakage.  Neckseal  leakage  on  the  human 
test  subjects  in  the  bicycle  ergometer  tests  (Section  V.C.l)  and  in 


the  subjective  test  dives  (Section  V.C.2)  was  often  quite  large  and 
was  apparently  of  some  importance  in  keeping  down  the  measured  peak 
pressures.  This  subject  will  be  discussed  in  more  detail  in 
Section  V.D. 

The  CO2  levels  found  to  exist  in  the  helmet  during  these 
tests  were  always  well  below  the  2.0%  S.E.  level  considered  to  be 
the  maximum  safe  level  (25).  The  conditions  tested  are  considered 
to  represent  moderate  work;  30  1pm  respiratory  minute  volume  and 
1.25  slpm  oxygen  consumption  (20). 

The  solenoid  on  the  No.  1  sample  line  (Figure  8)  refused 
to  seat  at  depths  of  300  fsw  and  below.  Consequently  the  inspired 
PCO2  could  not  be  measured  at  those  depths  (see  the  voids  in 
Tables  3  and  4) .  Inspired  PCO2  could  also  not  be  measured  on  the 
surface  at  times  due  to  insufficient  differential  pressure  to  drive 
the  gas  through  the  sample  line  to  the  measuring  instrument. 

At  the  depths  where  the  inspired  PC02  could  be  measured, 
it  can  be  seen  by  inspection  of  Tables  3  and  4  that  the  canister 
inlet  PCO2  was  very  nearly  equal  to  the  inspired  PC02.  Consequently 
whenever  the  actual  inspired  PC02  was  not  available,  it  has  been 
assumed  herein  that  the  canister  inlet  PCO 2*  if  available,  was 
equal  to  it. 

The  error  analysis  (Appendix  A,  Tables  A-l  and  A-2)  indicates 
that  the  C02  level  reported  in  Tables  3  and  4  are  reasonably  accurate 
and  valid.  The  measured  differences  between  the  test  manikin's 
inspired  and  expired  C02  levels  differed  from  the  expected  4.0%  S.E. 
by  a  root-mean-square  average  of  only  .41%  S.E.  The  indicated  C02 
elimination  rate  differed  from  the  anticipated  rate  of  1.2  slpm 
by  an  rms  average  of  only  .17  slpm.  The  values  in  Tables  3  and  4 
should  all  be  considered  accurate  to  +  .05%  S.E.  They  were  not 
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rounded  off  to  the  nearest  .1%  because  that  only  increased  the 
errors  and  made  the  error  analysis  more  difficult. 

The  measured  inhalation/exhalation  pressures  and  all  the 
measured  gas  flows  except  those  marked  in  Tables  3  and  4  are 
considered  to  be  reasonably  accurate. 
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C.  Manned  Tests 

1.  Bicycle  Ergometer  Ventilation  Tests 

Tables  5,  6  and  7  present  the  complete  data  obtained 
from  these  tests. 

A  word  is  in  order  here  regarding  the  relationship 
between  the  work  loads  placed  on  the  test  subjects  in  these  tests 
and  the  diver  work  load  simulated  in  the  breathing  machine  venti¬ 
lation  tests  reported  in  Section  V.  B. 

The  three  work  rates  selected  for  use  in  the  bicycle 
ergometer  tests  correspond  nominally  to  oxygen  consumption  rates 
of  1.0,  1.5  and  2.0  slpm  (18).  The  oxygen  consumption  rates  which 
correspond  to  the  actual  CO,,  production  rates  listed  in  Tables 
5 ,  6  and  7  can  be  estimated  by  making  use  of  the  respiratory 
quotient  (RQ) .  The  RQ  is  defined,  as  the  ratio  of  C02  produced 
to  02  consumed,  and  it  varies  from  .85  to  about  .98  as  a  person 
increases  from  light  to  heavy  work  (27) . 

While  on  the  saturation  dive  under  consideration, 
the  test  subjects  used  both  the  Advanced  Mixed  Gas  helmet  and  a 
Kirby  Morgan  KMB-8  Bandmask.  The  average  C02  production  rates  and 
the  corresponding  estimated  average  02  consumption  rates  calculated 
by  the  respiratory  quotient  method  are  given  in  Table  S  for  the 
4  test  subjects  using  both  pieces  of  equipment. 

As  can  be  seen  from  Table  8  there  was  reasonably 
decent  agrei^nent  between  the  expected  oxygen  consumption  rates  and 
the  estimated  average  consumption  rates  based  on  the  calculated  CO^ 
production  rates  and  the  respiratory  quotient. 
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Work  Rate  (watts,  nominal) 

Expected  02  Consumption  (slpm) (18) 


Avg.  C02  Production  by  the  test 
divers  when  using  the  Advanced 
Mixed  Gas  helmet  (slpm) 

Corresponding  Estimated  Average  02 
Consumption  (slpm) (27) 
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1.0  1.5 


1.13  1.42 

1.25  1.54 


Avg.  CC>2  Production  by  Divers  When 
Using  a  KMB-8  Bandmask  under  identical 
conditions  of  depth,  work  rate  and 

supply  gas  mixture  (17)  .98 


Corresponding  Estimated  Average  02 

Consumption  (slpm) (27)  *  1.09  1.42 


Table  8 

Estimated  Average  Oxygen  Consumption  Rates 


120 

2.0 


1.80 


1.90 


1.78 


1.88 


56 


Figure  16  shows  the  accepted  relationship  between 
tidal  volume  and  oxygen  consumption.  From  it, it  can  be  seen 
that  the  oxygen  consumption  appropriate  to  the  30  1pm  tidal  volume 
used  in  the  breathing  machine  tests  is  approximately  1.25  slpm. 
Consequently  the  work  rate  corresponding  to  the  breathing  machine 
tests  is  roughly  mid-way  between  the  2  lower  work  rates  used  in  the 
bicycle  ergometer  tests. 

(The  oxygen  consumption  of  the  divers  when  they  were 
using  the  KMB-8  Bandmask  may  also  be  estimated  by  using  Figure  16 
since  their  tidal  volumes  were  known  in  that  case.  This  procedure 
however  gives  quite  different  estimated  oxygen  consumption  rates: 

87,  1.07,  and  1.58  slpm  respectively  at  the  3  work  rates.  The 
respiratory  quotient  method  is  considered  by  the  author  to  be  the 
more  accurate  of  the  2  methods  in’this  case,  and  it  was  *-he  method 
chosen. ) 

The  helmet  gas  consumption  and  back  pack  recirculation 
rates  are  not  influenced  by  diver  work  rate  (assuming,  of  course, 
that  the  control  valve  is  left  closed) .  The  gas  consumption  and 
recirculation  rate  values  obtained  in  these  tests  were  very  similar 
to  those  obtained  in  The  Breathing  Machine  Ventilation  Tests,  and 
they  are  plotted  on  Figure  13  for  comparison  with  the  values  obtained 
in  those  tests. 

The  peak  inhalation  and  exhalation  pressures  measured 
in  these  tests  when  the  divers  were  wearing  neckseals  were  generally, 
but  not  always  considerably  lower  than  those  measured  in  the  Breathing 
Machine  Ventilation  Tests.  Figure  17  shows  the  average  peak  pressures 
obtained  in  these  tests  superimposed  on  Figure  14,  Peak  Inhalation 
and  Exhalation  Pressures,  Breathing  Machine  Tests. 


Respirotory  Minute  Volume,  cfm 


FIGURE  16.  Relation  of  Respiratory  Volume  and  Oxygen  Consumption 


to  Type  and  Level  of  Exertion  (20) 
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Ventilation  Tests. 


When  the  divers  wore  dry  suits  there  were  no  detectable 
respiration-induced  pressure  variations  in  the  helmets  (see  Tables 
5  and  ?) .  This  is  of  course  expectable  since  the  diver's  chest  is 
inside  the  boundaries  of  the  breathing  apparatus ,  and  the  total 
volume  of  the  breathing  apparatus ,  helmet  plus  dry  suit,  is  not 
affected  by  the  diver's  respiration.  Whenever  dry  suits  were  used; 
the  helmet  pressure  generally  assumed  a  constant  level  of  +7 
to  +8  cm.  H?0  relative  to  outside  chamber  atmosphere.  The  diver's 
were  allowed  to  adjust  the  helmet  exhaust  valve  to  their  own 
preference.  When  wearing  dry  suits,  they  always  adjusted  it  to 
the  fully  opened  position. 

There  are  2  major  items  which  account  for  most,  if 
not  all,  of  the  wide  differences  between  the  peak  helmet  pressures 
measured  in  the  Breathing  Machine-  tests  and  those  measured  in  the 
Bicycle  Ergometer  Tests. 

First  the  divers,  who  were  given  their  freedom  to 
do  so,  always  adjusted  the  helmet  exhaust  valve  to  the  fully  open 
position.  Figure  B-l  of  Appendix  B  shows  that  subject  Waddell  (the 
first  subject  to  use  the  helmet  with  a  neckseal  at  200  or  300  fsw) 
generated  peak  exhalation  and  inhalation  pressures  of  +35  and  -4  cm. 
IUO  respectively  when  ho  had  the  helmet  exhaust  valve  fully  closed. 
When  he  adjusted  the  exhaust  valve  to  the  fully  open  position,  the 
exhalation  and  inhalation  pressures  fell  to  +12  and  -8  cm.  H20 
respectively.  This  is  very  similar  to  Figure  A-l  of  Appendix  A. 

There,  at  the  surface  during  the  Breathing  Machine  Ventilation 
Tests ,  opening  the  exhaust  valve  from  1  to  1^  turns  open  had  the 
effect  of  reducing  the  peak  exhalation  and  inhalation  pressures 
from  +38  and  +10  cm.  H^O  respectively  to  0  and  -16  cm.  I^O 
respectively. 
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The  position  of  the  exhaust  valve  on  the  Advanced 
Mixed  Gas  helmet  clearly  has  a  pronounced  effect  on  the  pressure 
variations  induced  in  the  helmet  by  the  diver's  respiration.  This 
effect  is  significant  enough  to  account  for  nearly  all  of  the 
differences  in  the  peak  pressures  measured  during  uhe  two  testing 
sequences  (see  Figure  17) . 

The  second  item  whici.  accounts  for  some  of  the  difference 
is  the  fact  that  on  the  test  subjects  the  neckseal  almost  always 
leaked,  whereas  on  the  test  manikin  it  was  taped  and  not  allowed 
to  leak.  Fiance  B-2 ,  Appendix  B  illustrates  some  of  the  effects 
of  necksear  leakage.  When  subject  Brewer  had  the  neckseal  turned 
with  the  cuff  up,  thereby  tending  to  allow  leakage  into,  but  not 
out  of,  the  helmet,  his  peak  inhalation  pressures  were  only  about 
-24  cm.  H20.  However  when  he  turned  the  neckseal  cuff  down  so  that 
it  tended  to  allow  leakage  out  of,  but  not  into,  the  helmet,  his 
peak  inhalation  pressures  jumped  to  -50  cm.  H20  and  higher.  All 
the  while  his  peak  exhalation  pressure  remained  constant  at  +16  cm. 

H?°* 

This  phenomenon,  plus  the  effect  of  the  helmet  exhaust- 
valve  discussed  earlier  suggest  very  strongly  that  the  apparent 
glaring  discrepancy  in  the  helmet  pressure  data  between  the  Breathing 
Machine  tnd  the  Bicycle  Ergometer  Ventilation  Tests  (Figure  17)  ip 
not  a  discrepancy  at  all,  but  rather  simply  the  effect  of  helmet 
exhaust  valve  position  plus  an  indeterminant  amount  of  neckseal 
leakage . 
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This  neckseal  leakage  had  another  effect.  Particu¬ 
larly  in  tr.'*  cases  where  the  neckseal  cuff  was  turned  up,  enough 
chamber  atmosphere  leaked  into  the  helmet  system  to  make  the 
measured  oxygen  levels  meaningless.  Consequently  the  measured 
oxygen  levels  for  the  neckseal  runs  were  all  thrown  out. 

This  problem  was  not  present  with  the  dry  suits. 

They  invariably  leaked  where  they  were  taped  to  the  diver's 
torso.  However,  there  the  leakage  was  always  outward  since  a 
constant  7-8  cm  H^O  positive  pressure  was  maintained  in  the  suit 
at  all  times  when  a  test  run  was  in  progress.  Even  in  this  case 
however  the  diver  oxygen  consumption  rates  indicated  by  the  helmet 
flow  rate  and  the  difference  between  the  oxygen  percentages  in  the 
helmet  and  in  the  supply  gas  were  unrealistically  high  (almost 
always  3  slpm  or  more) ,  consequently  the  helmet  oxygen  levels  from 
these  runs  were  discarded  also. 

Neither  of  the  above  problems  was  considered  to 
invalidate  the  measured  C02  levels.  Leakage  of  chamber  atmosphere 
into  and/or  out  of  the  helmets  undoubtedly  affected  the  accuracy  of 
the  measured  C02  levels  to  some  extent.  However  since  the  chamber 
CO,,  level  was  never  far  from  the  helmet  C02  level  (0.5  vs.  1.0- 
2.0%  S.E.)  and  because  the  rate  of  chamber  gas  leakage  into  or  out  of 
the  helmet  could  not  even  approach  the  4-5  cfm  recirculating  throujh 
the  canister  this  effect  was  almost  certainly  negligible. 

Figure  18  contains  a  plot  of  the  measured  canister 
inlet  PC02  levels  against  estimated  oxygen  consumption.  Canister 
inlet  PC02 ,  though  not  equal  to  inhaled  PC02 ,  can  be  safely  assumed 
to  be  close  to  it.  As  can  be  seen  from  Figure  18,  the  canister 
xniet  PC02  stayed  under  the  recommended  maximum  limit  of  2.0%  S.E. 

(28)  during  all  of  the  tests  conducted.  The  test  results  from  the 
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Partial  Pressure  CO 


Breathing  Machine  Tests  on  20%  HeC^  agree  closely  with  the  results 
reported  in  this  Section  for  test  divers  using  16%  HeC^  • 

The  31  HeC^  results  from  the  Breathing  Machine  Tests 
are  somewhat  lower  as  might  be  expected.  The  total  ilow  throv gh  the 
helmet  (gas  consumption  plus  recirculation  rate  -  Figure  13) 
was  approximately  20%  higher  when  3%  HeC>2  was  used  than  it  was 
when  either  16  or  20%  HeC^  were  used. 

It  should  be  re-iterated  here  that  the  above- 
mentioned  CC>2  levels  were  all  for  reasonably  fresh  baralyme  charges 
in  the  cannister.  They  do  not  in  any  way  indicate  what  type  of 
cannistev  life  may  be  expected. 

There  were  very  few  subject  complaints  of  discomfort 
during  these  tests,  even  from  Brewer  who  drew  the  huge  inhalation 
peak  pressures  (Figure  B-2) .  At,  no  time  were,  any  of  the  subjects 
viable  to  complete  the  work  sequences. 

It  is  worth  noting  here  that  the  subject's  average 
breathing  rates,  were  higher  for  the  same  work  rates  and  supply 
gas  (16%  He02)  when  using  the  Advanced  Helmet  and  neckseal  system 
than  they  were  when  using  the  Kirby-Morgan  Bandmask.  Breathing  rates 
for  the  subjects  when  they  were  using  the  Advanced  Helmet  and 
Modified  Dunlop  Dry  Suit  combination  were  unfortunately  not  available. 
Table  9  below  presents  the  average  breathing  rates  as  a  function  of 
breathing  apparatus  and  work  rate. 
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Wotk  Rate 
(Watts) 


51 

81 

113 


Average  Breathing  Rate 
(breaths  per  minute  ) 


Advanced  Mixed  Gas 
Helmet  and  Neckseal 

16.8 

18.2 

21.2 


Kirby-Morgan  KMB-8 
Bandmask 

11.8 

14.0 

17.3 


Table  9 

Average  Breathing  Rates  for  the  4  Test  Subjects  as  a  Function  cf 
Work  Rate  and  Breathing  Apparatus  Used. 


I 

The  significance  of  the  breaking  rate  differences 
expressed  in  Table  9  is  uncertain.  However,  they  support  the 
suggestion  that  in  a  neckseal  type  helmet  the  divers  tend  to 
breath  shallower  and  faster  in  an  effort  to  keep  down  the  peak 
pressures  occurring  in  the  helmet. 
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2.  Subjective  Test  Dives 

Good  gas  analysis  data  was  obtained  from  19  of  the 
2  0  dives  conducted.  Table  10  lists  the  results. 

Below  60  fsw  the  drops  in  the  measured  oxygen  per¬ 
centages  were  always  less  than  the  2%  normally  allowed  for  in 
venturi-type  helmets  (28).  No  detailed  effort  was  made  to  calculate 
accurate  diver  oxygen  uptakes  since  the  accuracy  of  the  Beckman 
F-3  analyser  used  was  reliably  only  +0.5%.  However  a  quick  check 
<>f  the  helmet  oxygen  loss  (supply  %  02  ~  helmet  %  C^)  times  the 
appropriate  helmet  gas  consumption  rates  from  Figure  13  yields 
indicated  diver  oxygen  uptakes  of  .6  and  1.4  slpm  respectively 
at  230  and  300  fsw,  the  only  two  depths  for  which  helmet  gas  con¬ 
sumption  data  is  available  from  Figure  13.  These  don't  appear 
very  accurate  when  compared  to  the'  expected  average  oxygen  upcake 
of  about  1.0  slpm,  and  they  aren't.  However,  they  do  indicate  that 
the  measured  oxygen  levels  are  reasonable. 

The  CC>2  levels  measured  in  the  cannister  output  were 
axmost  always  very  low.  Helmet  C02  levels  themselves  were  not 
measured.  However  from  the  indicated  oxygen  uptakes  and  the  very 
low  canister  output  C02  levels  it  may  be  reasonably  inferred  that 
they  were  less  than  2.0%  S.E. 

The  diver's  comments  regarding  the  helmet  were  mixed. 

Most  liked  its  maneuverability,  its  light  weight  and  its  ease  of 
donning  and  doffing.  However  diver  complaints  of  one  type  or  another 
were  almost  universal.  The  detailed  diver  comments  are  contained 
in  Appendix  C.  Other  evaluation  forms  were  also  used,  but  the  questions 


Diver 

Depth/Time 
(fsw) /(minutes) 

Hesket 

60/30 

Holton 

60/30 

Petrasek 

60/40 

Eubanks 

60/45 

Roan 

60/45 

Reimers 

60/45 

Milner 

‘  60/50 

Eubanks 

60/50 

Clinton 

60/50 

Roan 

60/60 

Roan 

60/120 

Eubanks 

150/20 

Clinton 

150/30 

Ault 

150/30 

Clinton 

230/20 

Larimore 

230/20 

Tempi in 

230/20 

Larimore 

300/15 

Wiobe 

\ 

300/15 

Oxygen  Level 
(%) 


Supply 

Gas 


Helmet 


36.3 


37.0 


36.9 


37.0 


27.5 


26.7 


19.5 


19.5 


19.5 


15.2 


14.8 


Outlet 

CO2  Level 
(%  S.E. ) 

Average 

Maximum 

0.00 

0.00 

0.03 

0.05 

0.07 

0.09 

0.07 

0.10 

0.02 

0.35 

0.06 

0.11 

0.01 

0.02 

0.32 

0.46 

0.06 

0.11 

0.09 

0.16 

0.03 

0.06 

0.02 


0.04 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.04 


0.02 


0.00 


0.00 


0.00 


0.00 


0.00 


on  the  "Swimming  Test  Operations"  questionaires  reproduced  in 
Appendix  C  evoked  the  most  descriptive  responses.  The  most  common 
diver  complaints  are  discussed  below. 

Almost  to  a  man  the  divers  complained  of  jock  strap 
discomfort.  The  jocking  arrangement  for  the  Advanced  helmet  consists 
of  a  single  adjustable  strap  through  the  diver's  crotch  attached 
to  the  helmet  by  2  cables  front  and  back  (See  Figures  1,2,  4  and  5). 
Unless  the  helmet  is  jocked  very  securely  it  tends  to  move  about 
on  the  diver's  shoulders.  This  can  be  very  annoying.  In  particular 
the  rapid  be ndover- stand  up  -  bend  over  routine  of  the  weight 
lifting  task  often  resulted  in  the  diver's  head  repeatedly  striking 
the  front  and  rear  of  his  helmet. 

The  complaints  of  jock  strap  discomfort  were  also 
related  to  the  respiration-induced' pressure  variations  in  the  helmet. 

If  the  helmet  exhaust  valve  was  closed,  the  pressure  in  the  helmet 
on  exhalation  became  quite  positive  (as  reported  in  Section  V.  B)  . 

This  caused  the  helmet  to  tend  to  rise  up  off  the  diver's  shoulders 
on  exhalation  and  to  settle  back  down  again  on  inhalation,  in  effect 
to  "bob".  When  this  happened,  the  helmet  also  became  difficult  to 
keep  in  place.  If  the  helmet  were  jocked  tight  enough  to  prevent 
bobbing,  then  the  jock  strap  became  uncomf or cable. 

On  the  other  hand,  if  the  helmet  exhaust  valve  were 
opened  (past  about  1*5  turns)  the  annoying  bobbing  stopped,  but  it 
became  almost  impossible  to  keep  the  helmet  from  taking  on  water 
past  the  neckseal.  If  in  this  situation,  the  diver  wanted  a  reasonably 
large  inhalation,  there  simply  was  not  enough  displaceable  volume  in 
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the  helmet  from  which  to  get  it.  As  a  result  the  diver  inhaled 
until  he  met  resistance,  then  exhaled  and  inhaled  until  he  met 
resistance  again,  etc.  Each  time  the  diver  inhaled  until  he  met 
resistance,  he  would  generate  sufficient  negative  pressure  in  the 
helmet  relative  to  outside  water  pressure  to  draw  a  small  amount 
of  water  past  the  neckseal.  (Refer  again  to  Figure  B-2). 

Consequently  most  of  the  divers  had  to  make  a  choice 
between  having  a  bobbing  helmet  or  having  a  cupful  or  so  of  water 
in  the  neckseal  as  a  frequent:  companion.  Many  chose  the  cupful  of 
water.  In  that  situation  however  the  proximity  of  the  helmet 
canister  suction  port  to  the  helmet  exhaust  valve  opening  was  a 
constant  source  of  concern.  A  wrong  move  when  purging  the  helmet 
of  water  or  a  careless  one  at  almost  any  moment  could  easily  dump 
any  water  in  the  helmet  directly  into  the  canister  suction  hose. 

The  other  complaint  that  was  frequently  heard  was 
a  result,  primarily  of  the  helmet's  buoyancy,  but  also  somewhat  of 
its  jocking  system.  As  most  of  the  diver's  used  it,  the  helmet 
tended  to  be  slightly  negative.  Consequently  when  they  were 
swimming  against  the  trapeze  ergometer,  the  helmet  would  slide 
forward  and  rest  on  the  backs  of  their  heads.  This  quickly  resulted 
in  tired  necks. 

Again  most  of  the  divers  liked  the  Advanced  Mixed  Gas 
system  and  considered  it  in  several  ways  an  improvement  over  the 
Navy's  MKV  Helium-Oxygen  Helmet.  However,  the  items  mentioned 
above  usually  made  it  a  bit  uncomfortable,  and  the  tendency  of  the 
neckseal  to  leak  was  disconcerting. 


D.  General  Comments. 

What  maximum  inhalation  and  exhalation  pressures  are 
lesirable,  or  even  tolerable,  in  a  helmet  are  not  known  at  this 
time.  With  open  circuit  SCUBA  regulators  where  the  peak  pressure 
^nd  the  average  pressure  are  very  nearly  equal,  peak  pressures  of 
over  20  cm  H20  are  nearly  intolerable,  and  even  lower  peak  pressures 
^re  required  for  regulators  approved  for  U.S.  Navy  use  (24). 

In  neckseal  type  helmets  a  typical  pressure-time  plot 
closely  resembles  a  saw  tooth.  Consequently  the  time-average 
inhalation  or  exhalation  pressures  are  often  only  half  of  their 
respective  pea,<s.  Mso  the  phase  relationship  between  respiratory 
flow  and  helmet  pressure  remains  unknown  at  this  time.  Consequently , 
it  is  not  poss  .ble  at  tnis  time  to  say  what  constitute  reasonable 
inhalation  and  exhalation  pressures  and  what  do  not. 

The  -40  cm  H20  and  -20  cm  H20  peak  exhalation  and 
inhalation  pressures  produced  by  the  breathing  machine  (Section 
V.B.)  at  breathing  rates  corresponding  to  moderate  work  with  the 
helmet  exhaust  valve  sat  at  1  turn  open  are  quite  large  especially 
considering  the  1. 0  liter  tidal  volume  used.  The  Bicycle  Ergometer 
lest  subjects  (Section  V.  C.l)  always  set  their  exhause  valves  at 
rull  open  so  they  didn't  generate  such  large  pressures  in  their 
helmet/-  Brewer's  periodic  -60  cm  H20  inhalation  pressures  were  the 
me  exc  ~>t:ion  to  this.  The  subjective  test  subjects  (Section  V.  C.  2) 
f“ied  a  /anety  of  exhaust  valve  settings.  In  their  case  a  fully 
•  loned  exhaust  valve  resulted  in  excessive  peak  pressures  as  in 
^CL.ion  V.B  and  attendent  helmet  bob.  A  fully  opened  exhaust 
1  r.owcvcr,  encouraged  neckseal  leakage. 


The  experiences  with  the  Advanced  Mixed  Gas  Helmet 
recapped  above  all  speak  of  inadequate  variable  volume  in  the 
helmet.  All  tests  except  the  highest  work  rate  on  the  bicycle 
ergometer  were  representative  of  light  to  moderate  work. 

The  Advanced  Mixed  Gas  Helmet  when  used  with  a 
neckseal  is  considered  suitable  for  moderate,  but  not  for 
heavy  work  due  to  respiratory  pressure  considerations. 

When  the  helmet  is  used  with  a  constant  volume  suit, 
the  pressure  fluctuations  mentioned  above  do  not  occur.  When  used 
in  that  mode,  the  helmet's  performance  limitations  are  simply  its 
ability  to  scrub  C02  and  supply  02» 

With  the  gas  mixtures  normally  used  in  He02  diving  supplying 
sufficient  oxygen  to  the  diver  is  rarely  a  problem.  The  tests 
reported  herein  indicate  that  the  Advanced  Mixed  Gas  Helmet  will 
maintain  safe  C02  (less  than  2.0%  S.E.)  levels  at  work  rates  up 
to  and  including  heavy  work  (02  consumption  =2.0  slpm)  at  all 
depths  down  to  300  fsw  provided  that: 

1.  Gas  mixtures  appropriate  to  the  depth  are  used. 

2.  The  CO 2  absorbant  canister  is  operating  effectively. 

3.  The  supply  pressure  is  100  psi  overbottom  pressure 
or  more . 

4.  All  components  are  in  good  working  order. 

Subject  to  the  same  provisions  expressed  above,  the  data 
contained  herein  indicates  that  at  moderate  work  rates  (Figure  15) 
it  may  be  possible  to  safely  use  the  helmet  as  deep  as  750  fsw. 

Further  testing,  particularly  with  human  test  subjects,  should 
however  be  accomplished  before  such  use  is  attempted. 


VI.  CONCLUSIONS 

The  conclusions  given  below  are  strictly  valid  only  for  the 
particular  system  tested.  The  system  tested  consisted  of  an 
Advanced  Mixed  Gas  Diving  Helmet,  Model  3000,  Serial  Number  412 
used  with  an  Advanced  Model  3700  Back  Pack  Scrubber  and  Standard 
Advanced  Neckseals.  All  components  were  in  factory  condition  at 
the  time  they  were  tested.  The  applicability  of  the  conclusions 
expressed  below  to  other  helmets  of  the  same  type  is  dependent 
on  the  quality  control  exercised  by  the  manufacturer.  At  this 
time  there  is  no  reason  to  suspect  that  other  helmets  of  the 
same  type  will  not  possess  essentially  similar  characteristics 
since  they  are  manufactured  by  modern  small  assembly  line  technique 
However,  if  there  is  doubt  regarding  a  specific  helmet  it  should 
be  tested. 

Unless  stated  otherwise  the  conclusions  expressed  below  also 
apply  to  the  Advanced  Mixed  Gas  Helmet  and  Back  Pack  Scrubber 
when  used  with  a  neckring  and  constant  volume  suit. 

A.  The  sound  levels  existing  in  the  helmet  were  into  damage 
risk  levels  under  many  of  the  conditions  tested.  The 
conditions  tested  are  considered  representative  of  most 
normal  air  diving  situations. 

B.  With  proper  precautions  the  helmet  may  be  used  without 
risking  damage  to  the  diver's  hearing. 

C.  When  the  system  is  used  on  16%  or  20%  He02 >  the  total 
flow  rate  through  the  helmet  (gas  consumption  plus  re- 
circulation  rate)  exceeds  4.5  cfm  down  to  and  including 
300  fsw  providing  that  the  supply  pressure  is  maintained 
at  100  psi  overbottom  pressure. 


When  the  helmet  is  used  with  a  neckseal,  the  pressure 
variations  in  the  helmet  caused  by  respiration  rates 
appropriate  to  moderate  work  are  sufficient  to  cause 
some  diver  discomfort.  With  the  exhaust  valve  closed 
the  positive  pressures  generated  during  exhalation  tend 
to  lift  the  helmet  from  the  diver's  shoulders.  With  it 
fully  open  negative  pressures  generated  during  inhalation 
are  sufficient  to  frequently  cause  neckseal  leakage. 

When  the  helmet  is  used  with  a  neckring  and  a  constant 
volume  suit,  there  is  no  restriction  on  the  maximum  diver 
ventilation  (breathing)  rates  due  to  helmet  pressure  considerations 
The  C02  levels  existing  in  the  helmet  at  diver  work  rates 
appropriate  to  heavy  work  (2.0  slpm  oxygen  consumption 
respiratory  minute  volumes  of  up  to  50  1pm)  will  be  within 
recognized  safe  limits  (less  than  2.0%  S.E.)  in  the  depth 
range  0  to  300  fsw  provided  that: 

1.  Gas  mixtures  appropriate  to  the  depth  of  the  dive  are  used. 

2.  The  C02  absorbant  canister  is  operating  effectively. 

3.  The  supply  pressure  is  maintained  at  not  less  than  100  psi 

overbottom  pressure. 

4.  All  components  are  in  good  working  order. 

The  agent  primarily  responsible  for  the  wide  pressure  variations 
found  in  the  helmet-neckseal  combination  is  insufficient  variable 
volume  in  the  helmet-neckseal  combination. 

There  is  some  evidence  which  suggests  that  the  helmet  may  be 
safely  used  well  beyond  300  fsw,  perhaps  as  deep  as  750  fsw. 


VII..  Recommendations 


A.  No  significant  USN  use  of  this  helmet  is  presently 
contemplated.  However,  prior  to  any  significant  USN 

use,  more  thoroughly  instrumented  sound  level  testing 
should  be  conducted  to  augment  the  data  contained 
herein. 

B.  If  the  helmet  is  to  be  used  prior  to  the  completion  of 

A  above,  it  is  recommended  that  the  daily  exposure  times 
in  the  helmet  be  controlled  such  that  noise  exposure 
limits  based  on  the  data  contained  herein  are  not 
exceeded.  Basically,  this  means  limiting  a  diver's  time 
in  the  helmet  in  most  instances  to  not  more  than  4  hours 
per  24  hour  period. 

C.  For  future  work  it  is  recommended  that  instrumentation 
improvements  be  implemented  and/or  instruments  be 
obtained  to  permit  the  monitoring  and  measurement  of 

of  helmet  flow  rates  and  pressures  during  manned  test  dives. 

D.  It  is  recommended  that  efforts  be  initiated  to  develop 
meaningful  guidelines  for  acceptable  helmet  pressure 
variations  resulting  from  the  diver's  respiration.  These 
guidelines  would  most  likely  be  in  the  form  of  maximum 
external  work  of  respiration  rather  than  in  the  form  of 
pressure  limitations. 
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Appendix  A 


1.  Error  Analysis,  Breathing  Machine  Ventilation 
Tests,  Tables  A-l  and  A-2. 

2.  Effect  of  Helmet  Exhaust  Valve  Position 
on  the  Measured  Helmet  Pressures, 

Pigure  A-l. 

3.  Samples  of  Recorder  Outputs  from  Breathing 
Machine  Ventilation 

Tests  No.  1  and  2,  Figures  A-2  and  A-3. 
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Analysis,  Breathing  Machine  Ventilation  Tests,  Advanced  He-O-  Diving  Helmet 
o.  - ,  23  February  1971  * 


Table  A~2  Error  Analysis,  Breathing  Machine  Ventilation  Tests,  Advanced  He-02  Diving  Helmet 
Test  No.  2,  23  Februarv  1'171. 
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Pressure  Transducer 
Recorder  Traces, 
Test  #1,  Descent 


FIGURE  B-l 


Helmet  Pressure  vs.  Time  for  Subject 
Waddell  at  200  fsw  Using  a  Neckseal 


Figure  contains  the  entire  first  6-minute  work  period 
and  the  first  45  seconds  of  the  last  minute  of  the  third 
work  period.  Chart  speed  is  0.5  cm. /sec.  unless  otherwise 
indicated.  Vertical  sensitivity  is  8  cm.  H20  pressure/cm. 

Note  the  effect  of  the  helmet  exhaust  valve.  During  strips 
1-3  the  exhaust  valve  is  fully  closed  and  the  helmet  pres¬ 
sures  are  highly  positive.  At  the  beginning  of  strip  4 
(approx.  minutes  into  the  work  period)  the  exhaust  valve 
is  opened  and  the  helmet  pressure  decreases  markedly.  The 
peak  exhalation  pressures  drop  from  approx.  35  cm.  H20  to 
approx.  12  cm.  H20;  the  peak  inhalation  pressures  from 
approx.  -4  to  approx.  -8  H20. 

t 

Note  also  the  increase  in  the  subject's  breathing  rate  from 
16  (1st  minute)  to  25  (6th  minute)  as  he  adjusts  to  the 
helmet  and  his  work  rate. 
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Effect  of  Having  Neckseal  Turned  Up  or  Down.  Subject  is  Brewer  at  300  fsw  during  3rd 
Work  period.  Chart  speed  is  0.5  cm. /second.  Note  the  periodic  demand  for  a  large 


Appendix  C 


"Swimming  Test  Observations" 
Post-Dive  Questionaires 
completed  by  the  subjective 
test  divers,  Oct. -Nov.  1970 
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SWIMMING  TEST  OBSERVATIONS 


Apparatus :  Advanced  HeO?  Project:  sod  Lift  Weights 

1.  Describe  the  general  comfort  of  the  apparatus. 

If  the  hat  did  not  fall  forward,  the  comfort  would  be  excellent. 

2.  Describe  the  general  fit  of  the  harness. 

The  addition  of  a  waist  strap  to  the  jock  would  improve  the  fit. 


3.  Describe  the  general  swimmability  of  the  equipment. 

Swimming  is  easy,  but  the  hat  laying  on  the  back  of  one's  head  causes 
discomfort.  When  the  hat  takes  on  water  while  swimming,  the  water  tends 
run  into  the  exhayst  to  the  canister 

4.  Describe  the  specific  buoyancy  characteristics. 

When  the  exhaust  valve  is  closed,  the' helmet  has  a  tendency  to  be  quite 

buoyant. 

5.  Describe  the  specific  torque  characteristics. 

None 


Observer:  Ault.  BM1  (DV) _  Date:  28  October  1970 

Dives:  150/30 
60/20 
60/30 
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SWIMMING  TBST  OBSERVATIONS 


Apparatus:  Advanced  HeO^  Project:  Swim  and  Lift  Weights 

1.  Describe  the  general  coafort  of  the  epperetus.  Fairly  comfortable.  More 

comfortable  than  USN  He-02  rig.  However,  with  a  loose  jock  the  helmet 
floats  up  and  instantly  hits  the  chin;  with  a  tight  jock  the  genitals  are 
sacrificed. 

2.  Describe  the  general  fit  of  the  harness.  See  #1.  Recommend  a  different  typ 

of  jock,  possibly  a  pant  or  parachute  type.  Also  recommend  replace  snaphook 
they  constantly  place  pressure  on  sterum  and  between  shoulders. 

3.  Describe  the  general  swijenability  of  the  equipment. 

Easy  to  swim,  but  floods  easily  when  in  a  horizontal  position.  Often  tends 
to  flood  in  any  position  excepjt  upright. 

4.  Describe  the  specific  buoyancy  characteristics.  , 

On  inhalation  helmet  comes  down  to  refit  on  your  shoulders.  On  exhalation 
with  a  tight  jack  a  strain  is  placed  on  the  genitals.  With  a  loose  jock 
the  front  edge  of  the  helmet  hits  the  chin. 

5.  Describe  the  specific  torque  characteristics . 


Observer:  Clinton,  HM1  (DV) 


Date:  26  October-2  November  1970 


Dives:  60/40 
140/10 
230/20 


SWIMMING  TEST  OBSERVATIONS 


Appar  atus :  Advanced  HeOj 


Project ;  Swim  and  Lift  Weights 


1.  Describe  the  general  comfort  of  the  apparatus. 

Fair  except  that  helmet  slips  and  jock  is  uncomfortable. 

2.  Describe  the  general  fit  of  the  harness. 

Cannister  or  harness  slips.  The  snap  hooks  on  the  back  sometimes 
ride  under  the  cannister  and  cause  discomfort.  The  tension  on  the 
jock  strap  is  really  uncomfortable . 

3.  Describe  the  general  swimmability  of  the  equipment. 

When  recirculating,  it  floods  easily.  When  bending  over  or  doing 
a  lot  of  maneuvering,  you  keep  losing  the  neckseal. 

4.  Describe  the  specific  buoyancy  characteristics. 

The  hat  slips  around  a  lot  and  is  hard  to  keep  in  a  comfortable 
position . 

5.  Describe  the  specific  torque  characteristics. 

The  only  way  to  keep  the  helmet 'from  slipping  around  when  you  are 
lifting  weights  is  to  wedge  your  chin  in  the  neck  band. 

Otherwise  the  up  and  down  movement  of  lifting  weights  will  cause 
the  helmet  to  hit  you  in  the  back  of  the  head. 


Observer  ;  Roan  DCC  (DV) 


Date:  27  October  1970 


Dives! 


60/45 

60/60 

60/120 


SWIMMING  TEST  OBSERVATIONS 


Apparatus :  Advanced  HeO? 


Project :Swim  and  Lift  Weights 


1.  Describe  the  general  comfort  of  the  apparatus. 

The  apparatus  is  awkward  to  swim  in  a  horizontal  position.  The 
helmet  falls  forward  and  hits  you  in  the  back  of  the  head.  The 
helmet  shifts  around  a  lot  and  no  matter  what  size  neckseal  you 
have,  you  flood  out  a  lot  when  swimming. 

2.  Describe  the  general  fit  of  the  harness. 

The  harness  is  very  poor.  If  you  tighten  the  harness  as  tight 
as  is  necessary,  you  feel  like  you're  cutting  yourself  in  two. 

3.  Describe  the  general  swimmability  of  the  equipment. 

Poor. 

4.  Describe  the  specific  buoyancy  characteristics. 

Helmet  tends  to  be  negative. 

5.  Describe  the  specific  torque  characteristics. 

Poor. 


Observer:  Larimore  SF1 _  Date:  2,  3  &  4  Nov,  19  70 

Dives*.  60/40 

230/20  {25 
300/15 
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SWIMMING  TEST  OBSERVATIONS 


Apparatus : 


Advanced  HeOj 


Project: Swim  and  Lift  Weights 


Describe  the  general  comfort  of  the  apparatus. 

Not  too  bad  weight  wise.  The  neckring  tends  to  cut  into  your  shoulders 
when  you  lift  your  arms  over  your  head.  The  hat  is  sloppy  on  your  head 
when  you  move  to  one  side  or  the  other.  If  the  jock  were  changed  a  little 


2.  Describe  the  general  fit  of  the  harness. 


it  wouldn't  be  bad. 


Good 


3.  Describe  the  general  swimmability  of  the  equipment. 

Good 

•  * 

4.  Describe  the  specific  buoyancy  characteristics. 

Not  bad 

5.  Describe  the  specific  torque  characteristics. 

Okay,  if  the  helmet  would  ride  more  snugly  on  your  shouldars. 


Observer:  Wiebe,  BM1  (DV) 


Date: 


3  November,  1970 


Dives :  300/15 


SWIMMING  TEST  OBSERVATIONS 


Apparatus :  Advanced  HeO-? _  Project:  Swim  and  Lift  Weights 

1.  Describe  the  general  comfort  of  the  apparatus. 

Jocking  device  is  very  uncomfortable.  Helmet  hits  back  of  head 
when  lifting  weights. 

2.  Describe  the  general  fit  of  the  harness. 

Fits  well. 

3.  Describe  the  general  swimmability  of  the  equipment. 

Hat  comfort  is  fair  while  swimming,  but  the  hat  rests  on  the  back 
of  youi  head  and  after  a  few  minutes  your  neck  begins  to  ache. 

4.  Describe  the  specific  buoyancy  characteristics. 

Helmet  is  very  buoyant,  and  this  is  very  noticeable  during  heavy 
breathing.  It  bobs  \jf>  and  down  no  matter  how  it  is  jocked  down. 

5.  Describe  the  specific  torque  characteristics. 

Side  torque  is  okay.  However  helmet  would  rock  back  and  forth  and 
cause  some  discomfort.  * 


Observer:  Templin  API  (DV) 


Date:  2  Nov.  1970 


SWIMMING  TEST  OBSERVATIONS 


Apparatus:'  Advanced  HeO? _  Project:  Swim  and  Lift  Weights 

1.  Describe  the  general  comfort  of  the  apparatus. 

a.  Helmet  is  a  little  too  positive. 

b.  Noise  level  is  too  high. 

c.  Neckseal  was  not  effective 

d.  Jock  strap  causes  great  discomfort. 

2.  Describe  the  general  fit  of  the  harness. 

Good 

3.  Describe  the  general  swimmability  of  the  equipment. 

Helmet  does  not  swim  well  because  of  its  weight. 

4.  Describe  the  specific  buoyancy  characteristics. 

Too  positive. 

5.  Describe  the  specific  torque  characteristics. 

Noticeable,  but  not  excessive. 


Observer:  Milner  (civilian) 


Date:  27  Oct.  1970 


Dives  :  60/40 


SWIMMING  TEST  OBSERVATIONS 


Apparatus:  Advanced  HeO^  Project:  Swim  -  Lift  Weights _ 

1.  Describe  the  general  comfort  of  the  apparatus. 

Quite  good  if  exhaust  valve  set  at  1  3/4  turns  open  as  recommended  by  manu 
facturer.  Poor  if  exhaust  fully  closed.  Generally,  comfort  good  if  used 
with  a  dry  suit,  only  fair  if  used  with  a  neckseal. 

2.  Describe  the  general  fit  of  the  harness. 

Backpack  harness  is  very  easy  to  work. 

3.  Describe  the  general  swimmability  of  the  equipment. 

Fair.  Any  water  in  the  helmet  runs  into  the  faceplate  and  blurs  vision. 

•  * 

4.  Describe  the  specific  buoyancy  characteristics. 

See  below  * 

5.  Describe  the  specific  torque  characteristics. 


Observer:  Reimers ,  ENS _  Date:  2  3  October  1970 _ 

Dives:  60/50 

*  Not  enough  variable  volume  in  the  helmet  at  1  3/4  turns  open  on 
exhaust  valve  (i.e.,  comfortable  setting).  Each  time  the  diver  takes 
a  deep  inhalation  (i.e.,  any  work  rate  except  rest)  all  he  does  is  draw 
water  in  past  the  neckseal.  If  he  closes  the  exhaust  valve  so  he 
doesn't  get  water  leakage  past  the  neckseal,  the  helmet  bobs  up  and 
down  on  his  head  and  shoulders  and  the  jock  starts  to  cut  in. 


SWIMMING  TEST  OBSERVATIONS 


Apparatus:  Advanced  He-O^  Project:  Swim  and  Lift  Weights 

1.  Describe  the  general  comfort  of  tha  apparatus.  Very  bad.  Snap  hooks  on 

neckring  fore  and  aft  dig  into  skin.  Jock  strap  painful.  Neckring  digs  into 

shoulders  on  -the  surface.  Rig  always  shifting  forward. 

2.  Describe  tha  general  fit  of  tha  harness. 

Okay  except  for  above.  Should  modify  jock  straps  possibly  to  a  parachute 
harness  type. 

3.  Describe  the  general  swimmability  of  tha  equipment. 

Rig  is  not  suited  for  swimming.  Neckring  too  large.  Must  stop  continuously 
to  clear  rig  of  water. 

4.  Describe  the  specific  buoyancy  characteristics. 

Varies  with  each  breath.  Semi-closed  circuit  delivers  too  much  g£s  or 
exhaust  valve  needs  to  be  continuously  used. 

5.  Describe  the  specific  torque  characteristics. 

Poor.  Helmet  wobbles  around.  Only  thing  that  holds  the  helmet  and  neckring 
is  the  jock  strap.  Water  continuously  leaking  in  when  in  any  position 
except  vertical  (standing  up).  Jock  strap  chafs  when  lifting  weights. 


Observer:  Hesket,  NM1  (DV)  Date:  16  &  26  October  1970. 

Dives  60/30 
60/20 
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SWIMMING  TI8T  OBSERVATIONS 


Apparatus:  Advancad  He-O^  Project :  Swim  &  Lift  Weights 

1.  Describe  tha  general  comfort  of  the  apparatus* 

Good  except  for  the  jock. 

2.  Describe  the  general  fit  of  tha  harness. 

Good 

3.  Describe  tha  general  swismability  of  the  eguipsMnt. 

N/A 

•  * 

4.  Describe  the  specific  buoyancy  characteristics* 

Good 

5.  Describe  the  specific  torque  characteristics. 

Good 


Observer:  Petrasek,  BMC  (DV) 
Dives:  60/40 


14  October  1970 


106 


SWIMMING  TSST  OBSERVATIONS 


Apparatus:  Advanced  HeOj  Project:  Swim  and  Lift  Weights 

1.  Describe  the  general  comfort  of  the  apparatus. 

Jock  strap  was  very  uncomfortable  in  the  water.  Hat  sits  on  top  of  head 
out  of  water. 

2.  Describe  the  general  fit  of  the  harness. 

Fair 

3.  Describe  the  general  swiamability  of  the  equipment. 

Hat  has  a  tendency  to  slide  back  and  forth  and  floods  easily. 

•  * 

4.  Describe  the  specific  buoyancy  characteristics. 

Fair 

5.  Describe  the  specific  torque  characteristics. 

Didn't  notice  ar.y  difficulties. 


I 

Observer  i  Holton  MRl  (DV) 


Date:  2  7  October  1970 


Dives:  60/34 


